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BULLETIN 


OF THE 


AMERICAN PHYSICAL SOCIETY 


CuHIcaGO MEETING, JUNE 20-21-22, 1946. 


HE 272nd meeting of the American Physi- 

cal Society will be held at Chicago, in the 
buildings of the University of Chicago, on 
. Thursday, Friday, and Saturday, June 20, 21, 
and 22, 1946. . 

This meeting was timed and placed in the 
expectation of the release of much of the knowl- 
edge of nuclear physics acquired during the war. 
The release came indeed, but unluckily rather 
late, so that it was not possible for all physicists 
of the widely-dispersed ‘‘Manhattan Project” to 
prepare their work for publication in the brief 
available time. To admit as much as possible, 
the forewarned deadline has been slightly strained 
(a violation of the By-Laws of the Society which 
is not to be taken as a precedent, and which 
may result in an inconvenient delay in the 
appearance of the Bulletin). Nonetheless the 
material ready for disclosure is of great volume 
and surpassing interest, as the briefest inspection 
of the following pages will show: and some of 
the outstanding figures of ‘‘the Project” have 
consented to illuminate the programme with 
invited papers. Contributions from other fields 
of physics are likewise abundant, and in the 
anticipation of a populous meeting the largest 
available halls have been bespoken at some 
expense in convenience. 


Invited Papers. On Thursday morning Messrs. 
Fermi, Christy, and Breit will speak in Mandel 
Hall on topics of extreme interest, their subjects 
being, respectively, ‘‘Elementary Pile-Theory,” 
“The Small Enriched Reactor at Los Alamos,” 
and ‘Theory of Nuclear Reactions.” On Friday 





morning, also in Mandel Hall, this sequence of 
notable invited papers will be continued by 
Messrs. Daniels speaking on ‘Problems and 
Plans of Nucleonics Research,’ Dunning on 
“Neutron Spectroscopy,” and Goldsmith giving 
“A Critical Survey of Neutron Cross Sections.” 
No simultaneous sessions have been scheduled 
to conflict with either of these. On Thursday 
evening after the dinner, A. H. Compton will 
speak of “Physics Research and Release of 
Nuclear Energy.’”’ An address by G. T. Seaborg, 
“The Transuranium Elements,” is scheduled for 
Saturday afternoon (rather than an earlier date) 
because of other obligations of the speaker. 


Contributed ten-minute papers mainly on re- 
actions of transmutation will be read on Thurs- 
day afternoon in Kent Theatre; on neutron 
physics on Thursday afternoon in Mandel Hall 
and on Friday afternoon in Kent Theatre; on 
radioactive isotopes on Saturday morning and 
on diversified topics of nuclear physics and 
crystal structure on Saturday afternoon, also in 
Kent Theatre. As this foreword is being written, 
there is still some prospect of additional papers 
from ‘‘the project’; if they arrive in time they 
will be assigned to extra sessions on Saturday 


morning and Saturday afternoon, without regard © 


to their topics. Non-nuclear physics will be 
expounded in three sessions: Thursday afternoon 
(largely solid state), Friday afternoon (largely 
spectroscopy), and Saturday morning. 


The registration desk will be located in Eck- 
hart 209. Eckhart Hall is on the campus north- 
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west of the corner of University avenue and 58th 
street. Jones and Kent Laboratories are west of 
Eckhart, Mandel Hall northeast; Graduate Edu- 
cation Auditorium is southeast of Eckhart, at 
5835 South Kimbark avenue. 


The headquarters hotel is the Sherman, down- 
town at the corner of Randolph and Clark 
streets. Requests for rooms are to be addressed 
immediately (!!) to Mr. Alfred A. Hilbron, 
Assistant Manager, with mention of the Society. 
Double occupancy will in most cases be required. 
Walk four blocks east to reach the Randolph 
street station of the Illinois Central; take an 
express train stopping at 57th street; walk six 
blocks west to the University: allow forty 
minutes altogether. 


The dinner of the Society will be held at 7 
p.M. on Thursday (not Friday) at the Shoreland 
Hotel, 5454 South Shore Drive on the lake. The 
price is $3.40 including tax and tips. The pre- 
sumptive scale of our meeting forbids the use of 
University dining-halls as in former years. Send 
in immediately (!!) the form printed on the 
inside back cover page. The Local Committee 
reserves the right to make not more than two 
reservations per applicant. No tickets will be 
held after 4:30 P.M. on Thursday unless a check 
(to be made out to the American Physical 
Society) is sent with the form, and no tickets at 
all will be held after 6:30 P.M. 


The Council will meet at 4:30 P.M. on Friday 
in Jones 208. 


The Nominating Committee (instituted by 
recent amendment to the Constitution of the 
Society) will meet in Jones 208 at 10 A.M. on 
Saturday unless the Chairman sets a different 
time. This Committee consists of: Harvey 
Fletcher, Chairman; L. R. Ingersoll, D. W. 
Kerst, R. S. Mulliken, H. A. Robinson, F. Seitz, 
L. P. Smith. 


Placement Register. The American Institute 
of Physics will again have a placement register 
at the time of this meeting at which interviews 
will be arranged between applicants and em- 
ployers. Applicants who would like to register 
for positions should fill in special registration 


forms before the meeting date. Forms may be 
obtained from the Institute, 57 East 55 Street, 
New York 22, New York. Employers and appli- 
cants should report at the Placement Register 
room on arrival. 


Prospective Meetings. The Summer Meeting 
in the West will be held at the University of 
California in Berkeley on Friday and Saturday, 
July 12 and 13, 1946. It will comprise an im- 
portant symposium on high energy particles and 
the artificial production thereof. 

The New York meeting, limited to special 
topics, will take place on September 19, 20, and 
21; members of the Society should set about 
making their hotel reservations at once. The 
autumn meeting, reverting to the Thanksgiving 
weekend for the-first time in some years, will be 
held in Minneapolis on November 29 and 30. 


GENERAL RULES RELATING TO PAPERS 


It is stipulated in the By-Laws of the Society 
that no paper may be accepted for presentation 
at any meeting of the Society unless the title 
and an abstract of the paper are delivered to the 
office of the American Physical Society not later 
than the closing date stated in the printed call 
for the meeting. 

The time allowed for the oral presentation of a 
contributed paper is ten minutes at most. 

When two or more papers are contributed by 
the same member, all but one are placed on the 
“supplementary programme.” (A paper by two 
or more members is credited to the one first 
named in its title.) For each paper on this pro- 
gramme the Secretary indicates a session at 
which it may be presented. The presiding officer 
at this session may call for it when the other 
papers are completed, may require that it be 
given in shortened form, or may read it by title. 

Titles and abstracts of the papers to be pre- 
sented are given in the following pages. Proofs 
of these abstracts have not been submitted to 
the authors. After submission of proof the ab- 
stracts will be published in an early number of 
The Physical Review. 


KARL K. Darrow, Secretary, 
American Physical Society, 
Columbia University, New York 27, New York 




















PROGRAMME 


THURSDAY MORNING AT 10:30 


Mandel Hall 


(E. U. Conpon presiding) 


Elementary Pile Theory. E. Fermi, University of Chicago. (45 min.) 
The Small Enriched Reactor at Los Alamos. R. F. Curisty, University of Chicago. 


(30 min.) 


Theory of Nuclear Reactions. GREGorY BREIT, University of Wisconsin. (30 min.) 


Business Meeting of the American Physical Society 


(For submission of amendments to the By-Laws) 





THURSDAY AFTERNOON AT 2:15 


Kent Theatre 


(S. K. ALLIson presiding) 


Al. Nomographic Charts for Nuclear Reactions. J. L. 
McKisBEN, Los Alamos Laboratory.—Use of artificial 
neutron sources made it convenient to have charts as 
described and displayed here. In the general reaction with 
energy Q, mass M; with kinetic energy EF: strikes M2 at 
rest producing M; at laboratory angle @ with kinetic energy 
E;=C*. The vectoral velocity of M, in the laboratory 
system [C(2/M)*] is equal to the vectoral velocity of M 
in the c.g. system [B(2/M)*] plus the vectoral velocity of 
the c.g. system [A(2/M)*]. As B/A and B depend only 
upon M;, M2, Ms, M,, E:, and Q and not upon the angles, 
a series of semicircles are drawn with radii B and whose 
centers are displaced from the origin by distance A. 
About the origin a series of semicircles of radii C are drawn 
and through the origin a set of radial lines are drawn to 
demark angles. The two sets of semicircles are labeled 
with the appropriate energies. A triple intersection desig- 
nates a set of values. 





na [aap] 
i 7 
eee 


A2. Thick Target Yields with Deuteron-Proton Reac- 
tions. Epcar C. BARKER,* Metallurgical Laboratory.—A 
study of the thick target yields for the deuteron-proton 
reactions of 29 isotopes of elements from sodium to bismuth 
was made with 6.7-Mev deuterons from the Chicago 
cyclotron. These yields were examined as a function of the 
atomic number of the parent nucleus so that yields for 





other isotopes could be predicted without actual bombard- 
ment. After normalizing the experimental yields to a 
parent abundance of 100 percent and a half-life of one 
hour, the data were empirically linearized. The yields were 
thus found to have a trend-like variation with atomic 
number, expressible as 


i V3 
ya ttlZ 0.726Z 
th 

where Y is the yield in millicuries per microampere-hour 
bombardment, J is the abundance of the parent isotope in 
percent, Z is the atomic number of the parent nucleus, 
and ¢, is the half-life of the product isotope in hours. The 
total variation in Y extends over a factor of 105 from Na 
to Bi; individual yields depart from the trend by as much 
as a factor of eight. 


* Now at Clinton Laboratories. 


A3. Cross Section of D(d,n) He’* Reaction.’ J. H. 
MANLEY, J. H. Coon, AND E.’R. Graves, Los Alamos 
Laboratory.—The total neutron yield from a thick heavy 
ice target has been measured at four bombarding energies 


TABLE I. 








Neutron energy Thick target yield Cross section 





(kev) neutrons /deuteron (10-26 cm?) 
119 1.1 X1077 2.5 

171 2.3 X1077 3.7 

220 3.6 X1077 5.1 

294 7.1X1077 8.4 








1 Work done at Metallurgical Laboratory. 
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from 100 to 300 kev by comparison of the activity induced 
in a large tank of MnSO, solution surrounding the source 
with the activity induced by a standard Ra-Be source. 
The results are summarized in Table I. 


A4. Cross section of D(d,p) H*? Reaction.! A. C. GRAVEs, 
E. R. Graves, .J. H. Coon, AnD J. H. MANLEy, Los 
Alamos Laboratory.—The total proton yield from a thick 
heavy ice target has been measured for four bombarding 
voltages between 100 and 300 kev by counting protons 
emerging from the target chamber at three angles. The 
results are summarized in Table I. 











TABLE I. 
Neutron energy Thick target yield Cross section 
kev protons/deuterons X10? (10726 cm?) 
122 0.78 ; 2.6 
171 1.7 3.3 
219 3. 3.9 
300 5.5 5.2 








1 Work done at the Metallurgical Laboratory. 


AS. The Yield Function and Angular Distribution of 
the D+-D Neutrons. W. E. BENNETT, C. E. MANDEVILLE, 
AND H. T. Ricuarps,* Rice Institute-——The thin target 
yield of neutrons from the D+D reaction has been meas- 
ured for deuteron energies 0.5 to 1.8 mv. The neutron yield 
in the forward direction increases smoothly throughout 
this interval, but the yield at 80° to the bombarding beam 
remains almost level. Values of A in the expression 
(1+A cos? 6) representing the angular distribution of the 
neutrons in the c.g. system are calculated from the yield 
data and plotted as a function of voltage. A is found to 
increase from 1.8 at 0.5 mv deuteron energy to 3.4 at 
1.8 mv. 


* Now at the University of Wisconsin, 


A6. Disintegrations of Neon and Argon by d-d Neu- 
trons. E. R. GRAVES AND J. H. Coon, Los Alamos Labora- 
tory.—An investigation has been made of reactions in 
argon, krypton, and neon induced by 2.5-Mev neutrons 
from a d-d source. Pulses from a gas filled ionization 
chamber passed through a linear amplifier into an oscillo- 
scope and were recorded photographically. A calibration 
of pulse height vs. energy was made using recoils from a 
thin heavy paraffin radiator which was removable. The 
neutron flux from the d-d source was known from previous 
work so that cross sections could be determined. An 1, a 
reaction occurred in spectroscopic argon with a cross 
section of about t0-%* cm?. The Q value for the reaction 
was measured to be +1.8 Mev. An upper limit of (1/30) 
X 10-8 cm? may be placed on the cross section for any 
exoergic reaction in Kr. Measurements of the Ne?°(n, a)O!” 
gave Q= —0.6 Mev and o~.005 X 10" cm?. 


A7. Reaction Constants of Li’(pn)Be’. HAROLD ARGo, 
ARTHUR HEMMENDINGER, HowarpD Kratz, ROLLAND 


PERRY, Ruspspy SHERR, RICHARD TASCHEK, AND DUDLEY 
Wi..1ams, Los Alamos Laboratory.—This reaction has been 
previously studied at Wisconsin by Benedict, Blair, 


Hanson, and McKibben who established that the neutrons 
were mono-energetic and studied the general properties 
leading to its extensive use at Los Alamos as a variable 
energy source of fast neutrons, but did not accurately 
determine the cross sections, The reaction cross section of 
Li’(pm)Be’ has been determined at several proton energies 
by measuring the total neutron flux in a standard Ra—Be 
source calibrated manganese bath. By intercalibrating the 
Be’ 43-day y activity with bath activity, the measurements 
were extended from 1.90 to 2.50 Mev in 50 kev intervals, 
target thickness being measured chemically. The angular 
distribution of the neutrons from this reaction has been 
measured as a function of proton energy in 50-kev intervals 
using a counter whose response is independent of neutron 
energy; it is found that the center of gravity distribution 
is not mono-tonic in any of the coefficients required to fit 
the data. Slides of the results will be shown. 


A8. Gamma-Rays from Tungsten. W. M. ScHWArz, 
Indiana University AND M. L. Poot, Ohio State University. 
—A low resolution beta-ray spectrometer has been em- 
ployed to study the gamma-rays of tungsten. Tungsten 
bombarded with deuterons was placed below Th or U foils 
of sufficient thickness to stop the highest energy beta-rays. 
Electrons photoelectrically produced in the thorium by 
the tungsten gamma-rays are measured by the spec- 
trometer using a G-—M counter and a scale of 4..The 
spectrometer calibration was checked with the annihilation 
radiation from copper positrons. Lines were observed at 
electron energies of 570 kev and 370 kev. These lines are 
quite weak but have been checked several times. Other 
peaks seem to be present but have not yet been satis- 
factorily checked. Assuming that these peaks are K 
electrons, we have evidence of a gamma-ray of about 680 
kev and one of 480 kev. The first may be the gamma-ray 
suggested by Sullivan.! 

1W. H. Sullivan, Phys. Rev. 68, 277 (1945). 


A9. On the Positive Particles Emitted by Radioactive 
Electron Sources. LLoypD SMITH AND GERHART GROETZ- 
INGER, Ohio State University.—A series of investigators 
have found in cloud chambers a number of tracks of light 
positively charged particles originating in natural and 
artificial beta-ray emitters. The rate of occurrence of these 
particles is about 1X10-? per electron, far too great to be 
accounted for by pair production by the beta- and gamma- 
radiation from the source. The tracks still occur when the 
source is surrounded by enough material to absorb all 
positrons of the energies indicated by curvature measure- 
ments. The momentum spectra do not resemble the 
characteristic beta-decay spectra; for the same maximum 
momentum, the average momentum is much lower. The 
apparent penetrating power led Bradt, Heine, and Scherrer! 
to suggest that they have a mass considerably smaller 
than that of the electron. To gain information concerning 
the nature and origin of the positive particles, we have 
performed cloud-chamber experiments in which a number 
of the particles were found to come from the neighborhood 
of a P*? source and to traverse a metal foil placed in the 
chamber 10 cm from the source. The decrease in momen- 
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tum of 30 particles passing through the foil showed that 
they are only as penetrating as electrons of the same 
momentum. For this reason they must be of secondary 
origin, being created by a more penetrating radiation from 
the source. 


1 Bradt, Heine, and Scherrer, Helv. Phys. Acta 16, 491 (1943). 


Al0. Distribution of Neutrons in the Atmosphere. H. M. 
AGNEw, W. C. BriGHT, AND D. K. Froman, Los Alamos 
Laboratory—A B-29 airplane has been used to carry 
counters filled with BF; enriched in B’® to an altitude of 
30,000 feet above sea level. Experiments in progress will 
be extended to 45,000 feet. The tail compartment contained 
a bare counter, one completely covered with 0.030’ CD, 





and one covered with 2.54 cm of B,C. All hydrogenous 
material within 25 feet of these counters was removed. 
The radar room contained a counter completely covered 
with a 5 cm of paraffin surrounded by a layer of 0.030” C. 
The counting rate in all counters varied according to 
exp (—0.083P) where P is the pressure in cm of Hg at 
altitudes above 7000 feet. A constant Cd ratio of 2.2 was 
obtained. The data above are uncorrected for counts not 
caused by neutrons. The high biases used should make the 
corrections small, and the corrections will be determined 
by using counters filled with normal BF;. A definite cloud 
effect has been noted and further investigation is planned. 
Repeat counts taken during flight show that the amount 
of gasoline carried by the plane does not affect the counting 
rates. 





THURSDAY AFTERNOON AT 2:15 


Mandel Hall 


(J. R. DUNNING presiding) 


El. Production of Low Energy Neutrons by Filtering 
Through Graphite. HERBERT L. ANDERSON, ENRICO 
FERMI, AND LEONA MARSHALL, Argonne Laboratory.— 
Neutrons of energy much lower than thermal were pro- 
duced by filtering a beam of thermal neutrons through a 
block of graphite 23 cm long. In such a block, Bragg 
scattering removes the neutrons whose wave-iength is less 
than the largest Bragg wave-length in graphite, 6.69 
Angstroms. Measurement of the boron absorption of the 
filtered neutrons showed that they had an effective wave- 
length of 7.15 angstroms which corresponds to neutron 
temperatures around 18° Kelvin. The cross section of 
graphite for the filtered neutrons is 0.70 10-** cm*. That 
a part of this is due to the incoherence due to thermal 
agitation of the atoms of the crystal was demonstrated by 
heating the crystal and observing the increase in this 
cross section. The filtered neutrons were used to show 
interference effects in other substances such as Be, Bi, and 
S..In water the fourfold increase in the scattering cross 
section of hydrogen due to chemical binding was observed. 


E2. The Bragg Reflection of Neutrons by a Single 
Crystal. W. H. Zinn, Argonne Laboratory.—The intense 
beam of neutrons which can be obtained from a chain 
reacting pile has been used to study the diffraction of 
neutrons by a crystal. It is found that a neutron beam 
can be so collimated so that the angular width is of the 
order of 10’ and that a rocking curve obtained with a 
single crystal of calcite has the expected width. CaCO:, 
LiF, and other crystals have been used to construct a 
single crystal monochromator for the study of resonance 
neutron absorption. The instrument, which is very similar 
to an x-ray spectrometer, will be described. The spectrum 
of the neutrons from the reactor has been determined and 
the effect of 2nd and higher order reflections investigated. 


E3. Studies of Neutron Resonances with a Crystal 
Spectrometer. WILLIAM J. STURM AND SOLOMON TURKEL, 
Argonne Laboratory.—Using the neutron crystal spec- 
trometer described in the previous paper, measurements 
have been made of total cross sections as a function of 
neutron energy for a number of elements. The method 
involving measurement of the transmission of a sample of 
the element in the reflected beam has been used in the 
region between .04 and 65. ev. At energies lower than 
.04 ev the high order Bragg reflections contribute greater 
than 5 percent of the total observed effect, while the upper 
limit of the usable energy range is set by size of the glancing 
angle allowed by the present collimators. Strong resonances 
were observed in Cd at .182 ev; in Gd at ~.03 ev; in Sm 
at .096 ev; in Eu at .465 ev; in Rh at 1.28 ev; in Ir at 
.635 ev, 1.35 ev, and 6.1 ev. The strong absorption of 
thermal neutrons in Dy was shown to have a negative 
energy level. It has been possible to analyze some of the 
resonance levels at low energy with the help of the Breit- 
Wigner one-level formula, and to assign values to the 
constants in this expression. 


E4. Reflection of Neutrons on Mirrors. E. FERMI AND 
W. H. Zinn.—The fact that neutrons are scattered by 
atoms leads one to expect that various materials will have 
an index of refraction m for neutrons. n—1 is positive or 
negative and of the order of 10-*. When <1 one might 
expect total reflection for angles of a few minutes. The 
phenomenon is analogous to the reflection of x-rays, since 
they have wave-length and scattering cross section com- 
parable to those of thermal neutrons. The total reflection 
of neutrons has actually been observed as follows. A very 
narrow beam of thermal neutrons from the heavy water 
pile of the Argonne Laboratory was obtained by colli- 
mating it with two slits one millimeter wide and placed 5 








8 ; THURSDAY 


meters apart. This beam was allowed to fall on polished 
surfaces of various materials with a very small and ad- 
justable angle of incidence. The search for the reflected 
beam was carried out with BF;-filled proportional counters 
with an entrance slit 2 millimeters wide and placed at a 
distance of 4.7 meters from the second collimating slit. 
Reflection was observed very intensively for angles of 
incidence up to 10’ and for mirrors of graphite, glass, 
aluminum, beryllium, copper, zinc, nickel, and iron. 


ES. Phase of Neutron Scattering. E. FERMI AND 
L. MARSHALL, Argonne Laboratory.—A neutron wave may 
be scattered with a change in phase of either 0° or 180°. 
By studying the intensities of the orders of Bragg reflection 
for neutrons, one can compare the phase of neutron 
scattering of the different nuclei which compose a crystal. 
A beam of thermal neutrons from the Argonne heavy 
water pile was monochromatized by Bragg reflection from 
the 100 face of CaF2. From a second crystal in the mono- 
energic beam Bragg reflections of various orders were 
obtained. The form factors were calculated from the 
positions and scattering cross sections of the atoms in the 
unit cell, and were compared with the observed variation 
of intensities of orders in several crystals. From the fact 
that carbon totally reflects neutrons, found by Fermi and 
Zinn, it follows that the phase change for carbon is 180°. 
The present investigation shows that O, Ca, Fe, S, Pb, F, 
and tentatively C scatter with the same phase shift, and 
that the phase shift for Mn is opposite. Consequently, the 
phase shift for the group may be tentively identified as 
180°, and that for Mn tentatively identified as 0°. 


E6. Diffraction Phenomena in Angular Distribution of 
Fast Neutrons Scattered by Pb-Nuclei. E. AMaLp1, Rome 
University, D. BOcCIARELLI, AND G. C. TRABACCHI, 
Istituto di Sanita Pubblica. (To be presented by G. C. 
Wick).—Fast neutrons from a Li+D (800 kv) source were 
detected with the 9.9 min. activity induced in a small, 
Cd-shielded, Cu cylinder placed 80 cm from the Li-target. 
The direct neutron beam was cut off by a long thin paraffin 
cylinder. Hollow, barrel-shaped scatterers were used, such 
that the scattering angle @ was the same for all points of 
the scatterer. Scatterers were built for the angles: 6=20, 
25, 30, 35, 40, 50, 60, 70, 80 degrees, with weights varying 
from 20 to 300 kg. The indefinition of 6 due to finite 
thickness of the scatterers was from 2° to 4°; the indefini- 
tion due to finite dimensions of source and detector was 2°. 
Variations of source intensity were checked with another 
Cu detector placed on the opposite side. The angular 
distribution found exhibits a strong forward maximum, 
and a small secondary maximum at an angle between 35° 
and 40°. These data are supplemented with an evaluation 
of scattering intensity at 6=0° from the total scattering 
cross section (5.10-*4 cm?) by means of an optical theorem. 
The forward maximum is found to be at least 40 times the 
minimum. These features are believed to be connected 
with diffraction of neutron waves by the edge of the 
nucleus, as pointed out by Bethe and Placzek. 


AFTERNOON 


E7. An Application of the Fokker-Planck Equation to 
the Energy Spectrum of Thermal Neutrons. G. C. Wick, 
Notre Dame University—An equation of the Fokker- 
Planck type, first used by Rayleigh to study the thermal 
equilibrium of a heavy particle with a gas of light molecules, 
can also be applied to the opposite case of a light particle 
in equilibrium with a gas of heavy molecules, because’ in 
one collision the energy change of the particle is small. 
This equation has been applied to the slowing down of 
neutrons (below the Cd absorption limit) in paraffin, which 
is assimilated to a gas of free CHez groups (Arley). Using 
calculated cross sections, one is led to the equation: 

OF 1 3? F rs) 3/2) F 1 

~paye? +5 LO /2)F]——F, 
where y is the energy in units kT, F is the distribution 
function, @ is a “relaxation time’? (@~10u sec) and fr is 
the mean lifetime of a neutron in paraffin. The equation 
may be applied to study deviations from the Maxwellian 
distribution, and to time processes. 


E8. Energy of Delayed Neutrons from U?** Fissions. 
MERLE Burecy, L. A. PARDUE, H. B. WILLARD, AND E. O. 
WOLLAN, Clinton Laboratories.—A study of delayed neu- 
tron energies from U**5 fission products has been made by 
measuring recoil proton tracks in a hydrogen-filled cloud 
chamber. A sample of uranium was irradiated in graphite 
pile by means of a pneumatic tube, and brought to the 
cloud chamber for observation. Five different times of 
irradiation and decay were used so as to give different 
proportions of the five delayed neutron activities studied. 
From composite neutron energy distribution curves, the 
curves for the separate activities have been obtained. The 
average energies lie in the region from 0.2-0.8 Mv. There 
is no simple relation between energy and half-life. 


E9. Angular Distribution of n-d Scattering for 2.5-Mev 
Neutrons. J. H. Coon, R. W. Davis, anp H. H. 
BaRSCHALL, Los Alamos, New Mexico.—The angular 
distribution of the scattering by deuterium of 2.5-Mev 
d-d neutrons was measured by analyzing the distribution 
in energy of recoiling deuterons. A thin layer of heavy 
paraffin was mounted in a krypton filled ionization 
chamber. The ionization pulses due to recoiling deuterons 
were amplified, and recorded photographically. In the 
center of mass system the differential cross section appears 
constant for the scattering of neutrons through angles 
between 70° and 110°. It rises gradually for angles greater 
than 110° to a peak value for backward scattering of 
more than twice the cross section at 110°. The excess 
over isotropic scattering in the peak contains approxi- 
mately fourteen percent of the scattered neutrons. The 
measurements do not extend below 70°. The neutron- 
proton scattering observed under similar conditions showed 
a slight rise of the differential cross section from a scattering 
angle of 75° to 180°. 


E10. The Neutron Absorbing Isotopes in Samarium and 
Gadolinium. R. E. Lapp, J. R. VANHorRN,: AND A. J. 
DempstTER, Metallurgical Laboratory.—The large absorp- 
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tion for slow neutron in samarium was found to be due to 
the isotope at mass 149, and in gadolinium to the isotopes 
at masses 155 and 157, the cross section for 157 being 
about three times that for 155. Mass spectra were made 
with the double focusing mass spectrograph using a spark 
with nickel tubes packed with oxide as electrodes. Mass 
spectra of normal samples were compared photometrically 


with those of samples in which this isotope abundances 
had been altered by long exposure to slow neutrons. In 
the altered gadolinium the abundance of mass 157 was 
less than 155 in place of greater, and 156 was greater than 
160 in place of less. In samarium the abundance of mass 
149 was reduced to be nearly as weak as 148, and mass 
150 was correspondingly increased. 





THURSDAY AFTERNOON AT 2:15 


Graduate Education 126 


(W. SHOCKLEY presiding) 


U1. Instrument Lubrication Having a Low Hardy Co- 
efficient. S. BLOOMENTHAL, Automatic Electric Company.— 
At the last Chicago meeting of the A.P.S. a moderate 
Hardy friction coefficient was reported for glass surfaces 
- lubricated with Elgin M 56a watch oil. Recently M 56b 
oil, for which the makers claim increased oiliness, has been 
introduced as a general purpose watch and instrument 
lubricant. Measurement of the Hardy coefficient by the 
inclination method for glass on glass lubricated with 
M 56b oil gives about 0.09 for 100-g. load, a value appreci- 
ably less than that reported for M 56a oil. This value 
compares favorably with coefficients obtained with the 
automatic inclination apparatus for other high grade 
instrument lubricants. The influence of adsorbed polar 
molecule concentration upon static friction between solid 
surfaces, evident in H. Dunken’s report on wartime 
experiments in Germany with an inclination balance, will 
be discussed. 


U2. Dislocation Theory of the Creep of Metals. A. S. 
Nowick AND E. S. MAcaLIN, Aircraft Engine Research 
Laboratory (Introduced by A. R. Bobrowsky).—An equa- 
tion for the steady-state rate of creep of pure annealed 
polycrystalline metals is derived through dislocation theory 
and Eyring’s theory of rate processes. The present analysis 
differs from that of Kauzmann! in that it is the generation 
of dislocations rather than a flow mechanism which is 
shown to be the rate-determining process. A specific 
mechanism for the generation process is presented. From 
it the heat and entropy of activation of the generation 
process are expressible in an approximate form in terms of 
physical constants of the material. In addition, the lowering 
under stress of the potential-energy barrier, which yields 
the stress-dependent term, is given in terms of constants 
of the material and a “back-stress’” term. The latter 
depends on the stress field about a dislocation and on the 
distribution of dislocations in the material. 

The creep equation thus obtained is found to be in good 
agreement with data, both in the dependence of creep 
rate on stress and temperature and in the dependence of 
the heat and entropy of activation on the physical con- 
stants of the material. 





1W. Kauzmann, Trans. A. I. M. E. 143, 57 (1941). 


U3. The Energy of Impurity Levels in Semi-Conductors. 
B. Serin, University of Pennsylvania.—The field for an 
electron in an insulating crystal containing an impurity 
atom is estimated, assuming that the general nature of 
the band states of the crystal is unaffected by the foreign 
atom. The field for an electron due to a donator impurity 
is attractive and gives a bound electron state below the 
conduction band. This case can be treated in an analogous 
way to Tibbs’ calculation* of the energy levels of an 
F-center. The field caused by an acceptor impurity is 
repulsive over most of the crystal and results in the 
splitting off of states from the top of the normally full 
band. The calculation for the acceptor case is done using 
the variation method with trial functions expressing the 
physical nature of the impurity states. The latter calcu- 
lation is applied to semi-conducting silicon. 


*S. R. Tibbs, Trans, Faraday Soc. 35, 1471 (1939). 


U4. Atomic Polarizabilities and the Local Field in Alkali- 
Halide Crystals. W. SHocKLEY, Bell Telephone Labora- 
tories—The use of polarizability values deduced from the 
refraction of ions in solution and from theory gives 10 to 
20 percent errors in m? when applied to alkali-halide 
crystals. These discrepancies have been attributed to 
distortion of the ions and failure of the Lorenz-Lorentz 
field. Assuming a constant polarizability for each ion and 
using A4xP/3 with 4=0, $, 1, $, the set of atomic polar- 
izabilities giving a least square fit with experimental 
molecular polarizabilities extrapolated to long wave-lengths 
was determined for each A. The best fit occurred for A =1, 
the sums of the squared deviations for the four A values 
being 1.5, 0.10, 0.033, 0.054, indicating no significant 
failure of the Lorenz-Lorentz formula. For A = 1, predicted 
and observed m* values are within 3 percent with an 
average error of 1 percent. The value of the atomic polar- 
izabilities in A*® for the A =1 case (first number) differ in 
a systematic way from Pauling’s theoretical values! 
(second number)—Li 0.045, 0.03; Na 0.28, 0.179; K 1.13, 
0.83; Rb 1.79, 1.40; Cs 2.85, 2.42; F 0.86, 1.04; Cl 2.92, 
3.66; Br 4.12, 4.77; I 6.41, 7.10. 


1See Mott and Gurney, “Electronic Processes in Ionic Crystals,” 
for a discussion of these difficulties. 
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U5. Electrostatic Potentials and Fields in Ionic Lattices. 
J. M. RicHaRDSON AND W. SHOCKLEY, Bell Telephone 
Laboratories Computations of the electrostatic potential 
and its derivatives have been carried out for an elementary 
charge distribution consisting of positive point charges on 
the corners of a simple cubic lattice embedded in a com- 
pensating uniform distribution of negative charge. For 
ionic crystals whose symmetry is cubic, or tetragonal or 
orthorhombic with certain restricted axial ratios, the 
charge distribution for point ions can be obtained by 
superimposing the elementary charge distribution con- 
sidered. Thus from the elementary potential and its 
derivatives the Madelung’s energy and local fields can be 
computed for a wide variety of crystals. Values are not 
needed except at restricted points in the unit cell. Those 
chosen were 1/4, m/4, n/4 with 1, m, n integers; because 
of the symmetry only 10 points need be computed. The 
Ewald method of calculation was employed using several 
systems of checks for internal consistency. The local field 
results have been used in computing the refraction indices 
of some crystals for which the Clausius-Mosotti formula 
is invalid. 


U6. High Temperature Anelastic Effects in Polycrystal- 
line Aluminum. T’1nc-Sur Kf, University of Chicago.— 
The sudden drop of temperature coefficient of elastic 
modulus (dG/dT) of certain metals at high temperatures 
has often been reported in the literature and vaguely 
attributed to a sudden change in strength. The rigidity of 
fine-grained 99.991 percent aluminum wires was deter- 
mined using a dynamic torsional method from room 
temperature up to 450°C. The wire was first annealed at 
450°C for five hours to eliminate effects of cold work and 
to give a stable grain size. A sudden drop in dG/dT was 
observed around 200°C. This drop was not observed in 
single crystal aluminum wires. The behavior of poly- 
crystalline aluminum can be interpreted as due to viscous 
slip along crystal boundaries. The grain boundaries appar- 
ently behave in a viscous manner with the viscosity 
decreasing with temperature, as first suggested by Rosen- 
hain in 1905. The temperature at which the elastic modulus 
curve changes slope corresponds to the temperature at 
which the relaxation time associated with the slip is 
comparable to the period of torsional vibration. This 
picture is supported by measurements of internal friction 
and elastic after-effects, which are related phenomena 
results from anelasticity, a property by virtue of which 
strain lags behind stress in the conventionally elastic 
range.* 

* C. Zener and J. H. Hollomon, J. App. Phys. 17, 69 (1946). 


U7. The Photo-Diode and Photo-Peak Characteristics 
in Germanium.* S. BENZER, Purdue University.—Two 
photo-sensitive types of characteristic may be observed in 
particular germanium crystals when contacted with a 
metal point. In the photodiode, the current saturates as 
the voltage is raised, the saturation current being sensitive 
to illumination and temperature. The photocurrent is 
linear with intensity and independent of voltage, identi- 
fying it as a primary photocurrent. Visible and near infra- 


red light are effective, with threshold at 1.5 microns and 
maximum response at 1.3 microns, at which latter wave- 
length almost unit quantum efficiency may be obtained. 
The sensitivity to white light is several milliamperes per 
lumen. The variation of saturation current with tempera- 
ture is exponential, with an activation energy of 0.77 ev. 
In the photopeak, the current-voltage curve is triple- 
valued, there being a voltage peak followed by a region of 
negative resistance which becomes positive again at higher 
currents. Illumination or increased temperature causes 
the voltage peak to be reduced, and, at sufficiently high 
temperature or level of illumination, the peak is eliminated. 
This behavior is entirely reversible, making it useful in 
the design of a trigger photo-cell. 

* This work was part of a research program carried out under 
Contract OEMsr-362 between the Purdue Research Foundation and 


the Office of Scientific Research and Development. Based on NDRC 
Reports, November 1, 1944 and October 31, 1945. 


U8. Investigation of Oxidation of Copper by Use of 
Radioactive Cu Tracer.! J. BARDEEN, W. H. Brattain, 
AND W. SHOCKLEY, Bell Telephone Laboratories—A very 
thin layer of radioactive copper was electrolytically de- 
posited on a copper blank. The surface was then oxidized 
at 1000°C for 18 minutes, giving an oxide layer with a 
thickness of 1.25X10-? cm. After quenching, successive 
layers of the oxide were removed chemically, and the Cu 
activity in each layer was measured. The observed diffusion 
of radioactive Cu in the oxide layer agrees quantitatively 
with a theory based on the following assumptions: (a) The 
oxide grows by diffusion of vacant Cut sites from the 
outer surface of the oxide inward to the metal. (b) The 
concentration of vacant sites at the outer surface is 
independent of the oxide thickness, and drops linearly 
from this constant value to zero at the metal boundary. 
(c) Accompanying the inward flow of vacant sites, there 
is a flow of positive electron holes to maintain electrical 
neutrality. (d) Tagged Cut ions diffuse only by motion 
into vacant sites. This gives a fairly direct confirmation 
of the theory of oxidation first suggested by Wagner. 


1 The radioactive copper and the activity measurements were made 
in 1939 with help of J. Steigman of Columbia University. 


U9. Magneto-Resistance and Domain Theory. R. M. 
BozortH, Bell Telephone Laboratories —Changes of elec- 
trical resistivity with magnetization and tension have been 
studied in some iron-nickel alloys. A particularly simple 
application of domain theory can be made to the permalloys 
containing more than 81 percent nickel. Since the magneto- 
striction of these alloys is negative, tension aligns the 
domains at right angles to the axis of tension. If an in- 
creasing magnetic field is then applied, the domains rotate 
toward parallelism with the axis, and at a certain field 
strength will be restored to their original orientations (or 
to orientations differing from them by 180°). This field 
strength can be calculated satisfactorily by domain theory. 
Changes in resistivity at saturation in longitudinal and 
transverse fields have been measured for alloys containing 
40 to 100 percent nickel, and these are compared with the 
changes due to tension. 
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U10. Magnetic Domain Patterns on Silicon-Iron Crys- 
stals. H. J. Witams, Bell Telephone Laboratories.— 
Magnetic powder patterns of several new types have been 
observed in carefully purified single crystals of iron-silicon 
alloys containing 3.8 percent silicon. Surfaces were parallel 
to (100), (110), and (211) planes. When a (100) surface 
was carefully polished mechanically in the usual way, 
“maze” patterns were found, like those reported by 
Kaya! and by McKeehan and Elmore.? When electro- 
lytically polished as suggested by Elmore,’ the same surface 
showed lines running along [110] directions and then 
curving together in pairs to form points (like dagger 
blades). Near saturation this pattern disappeared and the 
usual series of lines formed perpendicular to the applied 
field, as observed by Bitter. On (110) surfaces magnetized 
in a [110] direction, intricate figures appeared in rows 
about 0.1 mm apart. As the magnetization increased, these 
figures grew in size and changed again to the usual series 
of line segments perpendicular to the field. Still other 
patterns were observed on the (211) surfaces. Fields were 
applied either parallel or perpendicular to the surface 
examined. The colloid used was magnetite, kindly supplied 
by Dr. Elmore. 


1 Zeits. Physik 89, 796 (1934). 
2 Phys. Rev. 46, 226 (1934). 
3 Phys. Rev. 51, 982 (1937). 
4 Phys. Rev. 41, 507 (1932). 


U11. Contact Potential Difference in Crystal Rectifiers. 
W. E. Mevernor, University of Pennsyluania.—The 
crystal rectifiers considered here are mainly silicon-metal 
point contact rectifiers. The rectification ability of these 
contacts depends strongly on the difference in work func- 
tion of the semiconductor and metal. This contact potential 





difference has been measured in two different ways: (a) by 
the variation of the d.c. contact resistance as a function 
of the temperature,! and (b) by the Kelvin method? where 
the semiconductor and metal are not in contact. Although 
offhand one would expect a correlation between the two 
measurements, no such correlation exists. This is probably 
caused by layers on the semiconductor and metal which 
undergo changes on forming a contact. 

1W. E. Stephens, B. Serin, and W. Meyerhof, Phys. Rev. 69, 


42 261940); Erratum: Phys. Rev. 69, 245 tions ). 
2 W. E. Meyerhof and P. H. Miller, Jr., Rev. Sci. Inst. 17, 15 (1946). 


U12. Positive Ions from Thoriated Tungsten. G. A. 
Jarvis, University of Wisconsin.—When thoriated tungsten 
is heated above 2600°K, appreciable reduction of thorium 
dioxide occurs, accompanied by the emission of singly 
charged positive ions of thorium monoxide, thorium, and 
tungsten. After the filament has been operated at a high 
temperature for sufficient time to reduce a large portion 
of the thorium dioxide, it is found that the temperature 
dependence of the positive thorium ion emission is similar 
to that for positive ions from pure metals. By employing 
a magnetic analyzer simultaneous measurements of the 
emission of thorium and tungsten positive ions as a 
function of filament temperatures have been made and 
approximate values of the work functions determined 
from the slopes of the Richardson plots. When a thoriated 
tungsten filament is held at a temperature around 2000°K 
reduced thorium gradually accumulates on the surface. 
The growth of this surface layer is investigated by raising 
the filament temperature after known activating periods 
and measuring the momentary flash current of thorium 
ions. 





THURSDAY EVENING AT 7:00 


Shoreland Hotel 


Dinner of the American Physical Society 


(E. U. Conpon presiding) 


After-Dinner Speech 


Physics Research and Release of Nuclear Energy. A. H. Compton, Washington University, 
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FRIDAY MorNING AT 10:00 


Mandel Hall 


(L. A. DuBrincE presiding) 


Problems and Plans of Nucleonics Research. FARRINGTON DANIELS, Metallurgical Labora- 


tory. (45 min.) 


Neutron Spectroscopy. J. R. DUNNING, Columbia University. (40 min.) 


A Critical Survey of Neutron Cross Sections. H. H. Go_psmitn, Metallurgical Laboratory. 


(45 min.) 


(This paper epitomizes the results of many experiments done largely by members of 
the Argonne, Clinton, Columbia, Cornell, Los Alamos and Metallurgical Labora- 
tories. The names of those whose work is quoted will be announced at the meeting and 


will be printed in the Physical Review.) 





FRIDAY AFTERNOON AT 2:15 
Kent Theatre 
(W. H. Zinn presiding) 


Fl. Thresholds for Slow Neutron Induced Reactions. 
L. I. ScnirF, University of Pennsylvania.—It is pointed out 
that the threshold energy for a particular mode of disinte- 
gration of a compound nucleus formed by capture of a 
slow neutron may be determined experimentally, under 
some circumstances. This corresponds to the determina- 
tion of the greatest negative energy with which a neutron 
can be captured and produce the reaction. Negative neu- 
tron energies may be obtained by bombarding with deu- 
terons and selecting those cases in which the outgoing 
proton carries off more energy than the bombarding energy 
minus the binding energy of the deuteron. The greatest 
proton energy observed is simply connected with the nega- 
tive neutron energy threshold. If more than one mode of 
decay of the compound nucleus can occur, a particular 
one could be selected by coincidence with energetic protons. 
This latter procedure should be effective with slow neutron 
fissionable nuclei. In this case, Volkoff’s treatment* of the 
Oppenheimer-Phillips process indicates that sufficiently 
large energy transfers to the outgoing proton are not so 
improbable as to make this effect impossible to observe. 


* G, M. Volkoff, Phys. Rev. 57, 866 (1940). 


F2. Radiative Capture Cross Sections For Fast Neu- 
trons. D. J. HuGHEs, Argonne Laboratory.—For neutron 
energies higher than some hundreds of kilovolts resonance 
phenomena are not expected to occur because the spacing 
of nuclear levels is less than their width. As a result the 
(n,y) cross sections for fast neutrons might vary regularly 
with atomic weight. The radioactive capture cross sections 
for fast neutrons of about thirty isotopes of stable elements 
have been measured by using fast neutrons from the chain- 
reacting pile of the Argonne Laboratory as the neutron 
source and measuring the resulting beta-activity. The 
main results are: (1) The cross sections do not vary at 
random from isotope to isotope as do the thermal values 
but follow a smooth curve within experimental error. (2) 
The cross section for atomic weight (A) less than 100 de- 


crease very rapidly with decreasing A, from about 107! 
barn (1 barn=10-*4 cm?) at A=100 to about 10~ 5 at 
A=15. (3) The cross section seems to remain roughly 
constant above A=100 except for Pb and Bi which fall 
abnormally low. (4) There is evidence that in the case of 
isomers the isomeric branching ratio is the same at high 
energy as at thermal. 


F3. On the Existence of a Resonance Absorption of 
Neutrons in Graphite. S. BERNSTEIN, Clinton Labora- 
tories —The purpose of the experiment was to determine 
whether or not an appreciable resonance absorption exists 
in graphite. A Ra-Be photo-source was surrounded by an 
11” radius graphite sphere. The sphere was surrounded by 
a 4” thick spherical graphite shell. The graphite shell was 
surrounded by a minimum of 13” of paraffin. The total 
number of neutrons emitted by the source was determined 
from the total number of neutrons absorbed as thermals in 
the graphite and paraffin for the following three cases: 
sphere, shell, and paraffin in place; sphere removed, shell 
and paraffin in place; sphere and shell removed. The dif- 
ference between these numbers is a measure of the number 
of neutrons absorbed in the graphite resonance region. 
The results indicate that if a resonance absorption exists 
in graphite, then at most 5 percent of all neutrons passing 
through such a level would be absorbed by the 11” graphite 
sphere. 


F4. Total Cross Sections of Various Materials For 
Indium Resonance Neutrons. JOHN MARSHALL, Argonne 
Laboratory.—Measurements were made, using cadmium 
filtered, boron carbide collimated neutrons from a 2” hole 
leading to the interior of the Argonne pile, of the total 
atomic cross sections of various substances for indium 
resonance neutrons. The collimation was such that no 
neutron scattered by more than about 6° was registered by 
the indium foil detector. The detector was shielded from 
thermal neutrons by thick cadmium and from stray epi- 
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cadmium neutrons by thick shields of boron carbide. 
Background measurements were made by inserting an 
indium filter in the beam. The observed cross sections in 
units of 10-?4 cm? were: C-4.84, Be—6.10; D.O-10.30, 
H,O-44.4, Al-1.46, BeO-10.1, Pb-11.39, BF;-107, F (in 
CF 1¢)—-3.7. In all cases but that of boron, the total cross 
section should be due almost entirely to scattering. As- 
suming the indium resonance energy to be 1.44 electron 
volts and the scattering cross section of boron to be 2, 
the cross section of boron for neutrons of 2200 meters per 
second velocity (kT at 293°K) is 710X 10-*4 cm?, 


F5. The Slow Neutron Cross Sections of Indium, Gold, 
Silver, Antimony, Lithium and Mercury as Measured 
with a Neutron Beam Spectrometer. WILLIAM W. HAVENs, 
JR. AND JAMES RAINWATER, Columbia University.—The 
variations of the slow neutron transmissions of In, Au, Ag, 
Sb, Li, and Hg have been investigated as a function of the 
time of flight of the incident neutrons for a 5.4 meter path 
with a neutron beam spectrometer (1). A method of analy- 
sis is developed for determining E»=ooI? for resonances 
above 1 ev based on the experimental transmission curves 
and the Breit-Wigner theory. The positions of the levels 
located, listed_in order of importance for each element, 
are: In, (1.44+0.04) ev; Au, (4.8+0.2) ev; Ag, (5.1140.2) 
ev, (13.741) ev, and (4345) ev; Sb, (6.30.4) ev, (19.2 
+1.0) ev, and indications of other unresolved levels in 
the region of 50 to 500 ev; Li, only a 1/v cross section; Hg, 
a negative level at (—2.0+0.2 ev) and indications of un- 
resolved positive levels above 25 ev. In the thermal region, 
the Ag, Sb and Li cross-section curves can be resolved into 
the sum of a constant term and a 1/v term. If E is the neu- 
tron energy in ev, these are: 


Ag: [(9.05-£0.10)E-4+ (6.6-£0.5)] 10-%4 cm?/atom 
Sb: [(0.64+0.02)E-4+ (4.2+0.3)] 10-4 cm?/atom 
Li: [(11.5+0.2)E-4+ (1.70.2) ]x 10-4 cm?/atom 


LiF was used in the Li measurements and a value 2.5 
X 10-24 cm?/atom has been deducted for the F. The Hg 
cross section below 5 ev was well matched by the relation 
(64+3)E4(1+E£/2.0)*X 10 cm?/atom. 


F6. Neutron Beam Spectrometer Studies of Boron, 
Cadmium, and the Energy Distribution from Paraffin. 
JAMES RAINWATER AND WILLIAM W. HAVENS, JR., Colum- 
bia University —A slow neutron velocity selector has been 
developed for use with the Columbia University cyclotron. 
By the method of arc modulation, neutron production is 
usually confined to intervals of (10-200) microseconds out 
of a (1000-10,000)-microsecond cycle. Neutrons slowed 
down in paraffin are detected by BF; proportional counters. 
Excellent collimation is obtained by using an extensive 
B.C and Cd collimating system. Experiments were con- 
ducted principally at a 5.4-meter source detector distance. 
A special selector system counts all the neutrons detected 
and also selectively counts those detected in an adjustable 
timed interval after the cyclotron burst. The slow neutron 





energy distributions from paraffin “source’”’ slabs were 
shown to be of a modified Maxwellian form with an asym- 
metrical high-energy “‘tail.” Data for the resonance ab- 
sorption by Cd were well matched by a one-level Breit- 
Wigner formula having Eo=(0.180+0.008) ev, T=(0.112 
+0.006) ev, oo=(7,800+800) Xx 10-4 cm?/atom. The re- 
sults of measurements with several boron filters over the 
range of 0.01 ev to over 100 ev were well matched by the 
1/v relation, og = (118+4)E+X 10-4 cm?/atom. 


F7. Fissionability Studies. L. B. Borst anp J. J. 
FLoyp, Clinton Laboratories——A _ special photographic 
emulsion has been developed of low general sensitivity. 
Fission fragments record as tracks in this emulsion, whereas 
alpha-particles and protons do not record as tracks, but 
only produce general fog. The selective sensitivity of these 
plates to fission fragments has been used as a basis for 
determining the thermal fissionability of several nuclear 
species. The photographic plate in contact with a deposit 
of the substance under investigation was exposed to a 
strong thermal neutron source. The developed plate was 
examined with a microscope for fission tracks. Reasonable 
estimates have been made of the size of the sample and 
the area examined. The following values constitute prob- 
able upper limits to the thermal fission cross sections of the 
substances indicated: 

Pb? <1.7 X10-28 cm? 
Pb2% <1.1 X 10729 cm? 
Pb20? <1.1 X1072° cm? 
Pb28 <5 X10-8° cm? 


Bi20® <2.5 K10-%° cm? 
Po*l0 < 107% cm?, 


F8. Diffraction of Neutrons and Neutron Absorption 
Spectra. L. B. Borst, A. J. ULricu, C. L. OSBORNE, AND 
B. Hassrouck, Monsanto Chemical Company, Clinton 
Laboratories.—A crystal spectrometer has been constructed 
for the diffraction of neutrons. A collimated beam of 
neutrons from a chain reacting graphite-uranium pile im- 
pinged upon a large crystal. The diffracted beam passed 
through a second collimator and boron counter. Crystals 
used have been calcite, lithium fluoride and quartz. 
Greater intensities were obtained by using the reflected 
beam from a quartz crystal of variable curvature. Angu- 
lar resolutions of less than four minutes have frequently 
been used. The crystal spectrometer has been used as a 
velocity selector to study the neutron absorption spectra 
of several elements of large thermal cross section. The low 
lying resonance levels may be accurately fit by a Breit- 
Wigner formula of the following form: 





—E,\2 
eV E=owV Ex/1+(———) 
where o=total cross section at neutron energy E(cm?): 
oo= total cross section at resonance: Eo =resonance energy 
(ev): '=resonance width (half-width at half-maximum) 
(ev). Values of these quantities will be given for several 
nuclei. 
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FRIDAY AFTERNOON AT 2:15 


Eckhart Hall 


(G. S. Monk presiding) 


V1. A Mechanical Synthesizer for Gas Diffraction Pat- 
terns. H. J. YEARIAN, Purdue University, AND W. M. 
Barss, National Research Council of Canada.—Molecular 
structure investigations by electron diffraction require the 
evaluation of sums of the type 

2A; sin (srij)/srij 
where s is the scattering variable, 7;; the distance between 
the 7’th and 7’th atom of the molecule and A;; the product 
of their scattering amplitudes which must in general be 
considered a function of s. A mechanical calculator has 
been built to facilitate this evaluation. The coefficients 
Aj; are plotted against a logarithmic scale of s extending 
around a cylindrical drum. A standard curve of sin s/s is 
also plotted against log s on a similar drum coaxial with 
and adjacent to the first. Adjustable stops permit rapid 
selection of a relative displacement of the drums by log 
rij so that abscissa s on the A drum coincides with s7;; 
on the sin s/s drum. The multiplication of the correspond- 
ing ordinates is accomplished by setting on them cross 
hairs whose positions are controlled by logarithmic cams. 
The relative rotation of the cams gives the product desired. 


V2. Electron Diffraction Study of C Cl;NO. W. M. 
Barss, National Research Council of Canada, AND H. J. 
YEARIAN, Purdue University—Electron diffraction pat- 
terns of gaseous C Cl;NO:2 with a flat background obtained 
by using a rotating shutter in a focussing type camera 
have been evaluated photometrically. These patterns of 
nine distinct maxima and eight minima give an improved 
radial distribution analysis and may be compared with 
synthesized patterns with confidence. A reasonable range 
of all parameters has been considered. The best agreement 
is with a model C—Cl=1.75+.01A, Cl—-C—Cl z =110.8° 
+2°, N—O=1.21A, O-N-—O Zz =127° and C—N =1.59 
+.04A, with free rotation of the nitro group. The large 
increase in the C—N bond over the usual values seems 
necessary and may be partially justified by dipole moment 
measurements. 


V3. Calculation of the Higher Energy Levels of the 
Asymmetric Rotor by Means of the Correspondence 
Principle. GitperT W. KinoG, Arthur D. Little, Inc.— 
According to the old quantum theory, the energy of a 
rotor with three distinct reciprocal moments, a2 b2 c, de- 
pends! on elliptic integrals. The linear transformation of 
the rotational energy, 2E(a,b,c)=(a—c)E(x)+(at+c)J(J 
+1), reduces the difficult part of the calculation to a 
problem in one parameter, x =(2b—a-Fc)/a—c. The ap- 
plication of the correspondence principle to the hypo- 
thetical rotor of energy E(x) and “‘moments” 1, —1 leads 
to a simple expression for the integral, \=Ao(a,8) where 
\=K/J(J+1), K being the internal quantum number of 


the doubly degenerate level at one of the limiting sym- 
metric rotors, and Ao(a,B) is Heuman’s canonical form of 
the complete elliptic integral of the third kind, with par- 
ameters given by cos 28 = E(x)/J(J+1)=n and sin a=cot 
B tan (cos! 2x). Heuman has tabulated Ao(a,8) for a,8 =0° 
[1°] 90°, but this table is not of direct value since it gives 
the quantum number in terms of the energy and asym- 
metry. We have “‘inverted’’ this table to give 6 (i.e. the 
energy) in terms of \ and x directly. This table gives ex- 
cellent approximations to the energy of the asymmetric 
rotor at J/~12 except near the singularities of the integral, 
n~x, especially ~+1(yn=x). For these regions further 
calculation of E(x) by the new quantum theory is necessary 
in order to obtain sufficient accuracy. 


1P. Epstein, Phys. Zeits. 20, 289 (1919); F. Reiche, Phys. Zeits. 19, 
394 (1918); F. Lutgemeier, Zeits. f. Physik 38, 251 (1926); E. E. 
Witmer, Proc. Nat. Acad. Sci. 12, 602 (1926). 


V4. Expected Absorption in the Microwave Region by 
Water Vapor and Similar Molecules. R. M. HAINER AND 
GILBERT W. KING, Arthur D. Little, Inc., AND Paut C. 
Cross, Brown University —The absorption of microwaves 
by molecular rotation is dependent on a permanent dipole, 
most commonly found in asymmetric rotors. Here the 
spacing of energy levels is complex, and the existence of 
permitted transitions in the region accessible to present- 
day equipment is accidental. To predict microwave ab- 
sorption, it is necessary to determine all possible transi- 
tions between asymmetric-rotor levels about one wave 
number apart. Since very weak lines can be detected, the 
calculations are carried to high levels (J~12) where the 
population is stifl appreciable. 

Since the transition probabilities of the asymmetric 
rotor cannot be approximated by the symmetric-rotor 
values, and since ‘‘forbidden”’ lines can be detected, it is 
necessary to calculate the true values. Exact values of the 
energies and transition probabilities of HO were calcu- 
lated and the position and intensity of absorption in the 
microwave region determined. These values were com- 
pared with interpolation from basic tables' for the asym- 
metric rotor previously published. A study of the devia- 
tions allow the use of the tables to predict the microwave 
absorption of gases with one moment of inertia small, 
and has been done for D2.O, HDO, H2S, D2S, H2Se,.D2Se. 


1G. W. King, R. M. Hainer, and P. C. Cross, J. Chem. Phys. 11, 
27 (1943) and 12, 210 (1944). 


V5. The Infra-Red Spectrum of Heavy Water. Frep P. 
DICKEY AND HARALD H. NIELSEN, Ohio State University.— 
The rotation-vibration bands ve and v3; of DezO have been 
measured and an analysis of the rotational structure has 
been carried out for low values of J. In order to assist in 
the analysis, a method of determining tentative term 
values, similar to that used by Nielsen! in the case of H2O 
has been used. Also the intensities of lines of a rigid as- 
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symetric rotator, as tabulated by Cross, Hanier and King,? 
have been used. And a plot of the spectrum using the ex- 
perimentally determined term values and corresponding 
intensities, as determined from the above tabulation, has 
been made and compared with the measured spectrum. 
The frequency v2 is found to be 1179.2 cm™. The frequency 
v3 is found to be 2788 cm~. For the state v2 the effective 
moments of inertia are J4=1.730X10-® g cm’, Jp =3.830 
"X10-® g cm’, Ic =5.950K10-” g cm. For the state v3 
the effective moments of inertia are J4=1.870X10-® g 
cm’, Ip =3.840 X 10-® g cm?, Ic = 5.760 X 10-” g cm?. 


1 Harald H. Nielsen, Phys. Rev. 59, 565 (1941). 
2P. C. Cross, R. M. Hanier, and G. W. King, J. Chem. Phys. 12, 
210 (1944). 


V6. Resolution and Pressure Broadening of the Am- 
monia Spectrum Near One-cm Wave-Length. CHARLES 
Harp Townes, Bell Telephone Laboratories.—Twelve lines 
of the ammonia inversion spectrum! were resolved and 


J €& Frequency in Megacycles 
1 1 23,693 
2 2 23,722 
3 3 23,870 
4 4 24,137 
$ $ 24,529 
6 6 25,046 
a 4 23,097 
: 22,840 
7 6 22,927 
8 7 23,231 
9 8 23,656 

10 9 24,202 


examined at pressures less than one-mm Hg. The shape of 
the J=3, K=3 line was examined in detail at two pres- 
sures and agrees well with theory? if the frequency of col- 
lisions is. 17 X 10’/sec. at one-mm Hg pressure. 


1 Cleeton and Williams, Phys. Rev. 45, 235 (1934). 
2 Van Vleck and Weisskopf, Rev. Mod. Phys. 17, 227 (1945). 


V7. The Inversion Spectrum of Ammonia. WILLIAM E. 
Goon, Westinghouse Research Laboratories and University 
of Pittsburgh—The strong absorption band! of NHsz; at 
0.8 cm has been resolved into 28 sharp, widely separated 
lines. The necessary high resolution was obtained by using 
a continuous wave source. The gas sample is held in a sec- 
tion of wave guide two and one-half meters long, which 
is arranged in a balanced system with two crystal detectors. 
At a pressure of about 0.1-mm Hg it is possible to observe 
each fine structure line on an oscilloscope by synchronizing 
the horizontal sweep of the oscilloscope with the frequency 
sweep of the oscillator tube. Identification of the lines is 
accomplished by using a calibrated absorption type wave- 
meter. Each line can be associated with the molecule 
being a definite rotational state. The centrifugal distortion 
caused by being in a particular rotational state slightly 
affects the inversion frequency. An expression which iden- 
tifies each of these lines with the rotation quantum numbers 
will be given. The observed intensity of the lines agrees 
well with the population of the various rotational levels 
for thermal equilibrium at 300°K. As the pressure of the 
NH; is reduced, the lines are observed to become sharper 
and at a pressure of about 10-* mm Hg a hyperfine struc- 
_ ture is resolved. A Stark effect shift is also observed 
when a d.c. field is applied to the gas. 

1C, E, Cleeton and N. H. Williams, Phys. Rev. 45, 234 (1934). 





V8. Dissociation of SiCl, by Electron Bombardment. 
R. H. Voucut, University of Pennsylvania.—An ordinary 
relative abundance mass spectrometer was used to study 
the processes resulting from electron bombardment of 
silicon tetrachloride. This substance is well suited to this 
type of analysis because the negative ions produced pro- 
vide checks on the dissociation energies of the molecular 
fragments in addition to those provided by positive ions. 
A consistent interpretation of the processes involved in 
positive and negative ion production confirms the values 
of heats of dissociation estimated from thermochemical 
and spectroscopic data. The dissociation processes are 
somewhat different from those observed in CCl,;! ioniza- 
tion of the parent molecule contributes a much larger 
fraction of the total. The ionization energy of SiCle was 
measured directly from residual molecules produced by 
dissociation of the SiCl,. It is also noted that where more 
than one process is energetically possible, the one pro- 
ducing the greatest number of dissociation products seems 
to be the most probable. 


1 Baker and Tate, Phys. Rev. 53, 683A (1938). 


V9. The Continuous Absorption Coefficient of the Nega- 
tive Hydrogen Ion. S. CHANDRASEKHAR, University of 
Chicago.—The absorption cross sections of the negative 
hydrogen ion for radiation of various wave lengths and 
arising from the bound-free and the free-free transitions 
have been evaluated with some care. It is shown, for ex- 
ample, that the cross sections for the bound-free transi- 
tions are most reliably evaluated in terms of the matrix 
elements.of the momentum operator, while the evaluation 
of the cross sections for the free-free transitions require a 
careful consideration of the distortion of the plane wave 
representation for the electrons generally adopted. It is 
further shown that the derived cross sections are in very 
good agreement with the demands of astrophysical ob- 
servations. 


V10. Variations of the Viscosity of Polyatomic Gases 
with Frequency. W. P. Mason, Bell Telephone Labora- 
tories—A method for measuring the viscosity of gases and 
liquids has been devised which consists in measuring the 
resistance and mass loading applied to a torsionally vibrat- 
ing crystal by a viscous medium. By using a long thin 
torsional crystal placed in a long thin tube, the coupling 
can be eliminated to modes of motions that tend to set up 
compression waves. Applying the method to helium, dry 
air, nitrogen, oxygen, and hydrogen, the viscosity measured 
was independent of frequency and pressure. When water 
vapor was present in the air, the loading over a pressure 
cycle showed a hysteresis effect indicating that more water 
molecules were adsorbed during the increasing pressure 
cycle than came off during the decreasing phase. When 
measurements were made for carbon dioxide, methane and 
nitrous oxide indications were obtained that the viscosity 
varied with frequency. For carbon dioxide the total varia- 
tion of viscosity was 100 to 1. This variation in viscosity 
appears to be connected with the production of excited 
states in the polyatomic molecules. The mechanism of ex- 
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change of momentum appears to be a force acting at the 
moment of generation or decay of an excited state. 


V11. Optical Microwave Detector. P. H. MILLER, Jr. 
AND B. GoopMAN, University of Pennsylvania.—The possi- 
bility of using electro-optical or magneto-optical effects 
at microwave frequencies for the detection of microwave 
power has been investigated. A proposed device utilizing 
a Kerr cell placed in the region of a resonant cavity in 
which the oscillating electric field is strongest will be 
described. The oscillating electric field is used to modulate 
the intensity of plane polarized light passing successively 
through a Kerr.cell to which a large bias voltage has been 
applied and an analyser. If the light is monochromatic the 
intensity modulation will generate side bands which can 
be measured in any convenient interferometer. With the 
proposed design, now under construction, a sensitivity of 
10-7 watt appears feasible. Possible improvements in 
technique which may permit a sensitivity of 10-” will be 
discussed. 


Vi12. A Simple Instrument for Measuring the Rheo- 
logical Properties of Elastic Fluids. H. GoLDBERG AND 
O. SANDVIK, Kodak Research Laboratories.—An instrument 
will be demonstrated with which the shear modulus of 
gels may be measured easily. The gel is placed in the an- 
nular space formed by two concentric cylinders, one of 
which is oscillated mechanically at frequencies ranging 
from 10 to 6000 cycles per minute. After the resonance 
frequency and maximum amplitude of the system have 
been observed, the elastic constants of the system may be 
calculated quickly or read directly on a calibrated dial. 


A modified model of this apparatus will be described. It 
allows measurements to be taken while the sample is 
being sheared at various rates. It is possible in this way to 
follow any changes of shear modulus which may take place 
as stress is applied or removed. Typical results showing 
cases of work hardening and work softening will be shown. 
If a photographic recording device is attached to the in- 
strument, rapid variations of elastic constants occurring 
within a few seconds may be followed. 


V13. A Suggestion Concerning Fundamental Particles. 
Joun R. Piatt, University of Chicago.—Let a particle be 
thought of as the standing wave of a scalar, ¢, fotmed by 
an isotropic distribution of plane waves of frequency, f, 
and velocity, c, all in phase at a single point. Let the 
energy be hf, mass hf/c*, with interactions represented by 
the appearance of sum and difference frequencies. To de- 
scribe two particles many wave-lengths apart in the same 
field requires an interference frequency c/d, energy change 
empirically -ta/2rhc/d (coulomb); with an additional 
“exchange” energy bhc/d (gravity) for particles of the same 
frequency. A Lorentz transformation on a single particle 
leads to an amplitude factor identifiable with the Schréd- 
inger ¥-function. A quantum may be identified with a 
running wave having no back wave. In one dimension it 
may be transformed into the sum of symmetric and anti- 
symmetric standing waves. The interference frequency 
required to describe two particles in a field reaches an- 
upper limit as d approaches \. Possibly compound nuclei 
may be describable in this system as standing waves with 
many poles; charge, spin, and so on, being represented by 
symmetries or phases or other properties of the wave 
system. 
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Rl. Manufacture of Carbon 14 in the Chain-Reacting 
Pile. L. D. Norris, A. H. SNELL, E. P. MEINERS, JR., AND 
L. Stotin, Clinton Laboratories —Using the reaction 
N"(n, p)C™, carbon 14 can be manufactured in a chain- 
reacting pile in three ways; batch processing of irradiated 
solid nitrogenous material, continuous extraction from 
some kind of an emanating nitrogenous substance, and 
continuous extraction from a liquid such as ammonium 
nitrate solution. A “factory” of the latter type has been 
in use at Clinton Laboratories. The solution is circulated 
through the pile with a glass centrifugal pump, and the 
active carbon is carried out, mostly as COs, with the other 
gases resulting from radiation decomposition of the liquid. 
The carbon is precipitated from the gas stream as barium 
carbonate. The isotopic concentration is about 5 percent 
C; two early samples analyzed 3.3 percent C™“ with the 
mass spectrometer. The rate of production and the amount 


made so far cannot be stated here. Plans are now being 
made under which the material will be made available for 
general use in the near future. 


R2. Mass Spectrometric Observation of Radioactive 
C', Mark G. INGHRAM, Metallurgical Laboratory.—A 
sample containing radioactive C“ prepared by the reaction 
N"(n, p)C“ was studied with a Nier type mass spec- 
trometer. The sample was obtained from Dr. Snell of the 
Clinton Laboratories in the form of BaCO;. Analysis was 
accomplished using the COz evolved, by heating the 
BaCO; in quartz to 1100°C. The usual technique of 
liberating the CO2 by addition of acid was not used for 
the following reasons: (1) Measurement showed that the 
first one hundredth of the sample evolved by heating was 
not characteristic of the carbon isotopes in the sample. 
(2) In handling small quantities of CO, the solubility of 
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CO: in the acid is important. (3) The heating technique 
removes the problem of traping out unwanted vapors. 
Curves obtained in the mass 42 through 48 positions 
showed a peak in the mass 46 position 9.3 times larger 
than that obtained for normal COz. This peak must be 
owing either to O'* or C*. Measurement of the O'* concen- 
tration showed this to be normal. Thus the mass of radio- 
active carbon is 14 in agreement with radioactivity pre- 
dictions. Computation of the carbon abundances gave 
95.61 percent, 1.04 percent, and 3.35 percent for the C, 
C8, and C", respectively. Correlation of this data with 
the specific beta-activity of the sample gives a value for 
the half-life of C™. 


R3. A Mass Spectrograph for the Study of Fission 
Product Mixtures. Ltoyp G. LEwis AND RICHARD J. 
HAYDEN, Metallurgical Laboratory.—A mass spectrograph 
with 60° magnetic deflection giving 2.5 mass despersion 
for one percent change in mass was developed for studies 
of radioactive isotopes formed in fission. The geometry of 
the ion accelerating electrodes and of the magnetic analyzer 
was chosen so that a maximum fraction of the ions formed 
by the source would reach the collector. It was possible to 
collect one ion for each 40 ions formed. An ion source 
using thermal emission of positive ions was found to 
possess several advantages for this work. Source efficiencies 
for conversion of atoms to ions was very high for several 
elements (16 percent in the case of La) and the character 
of the emission was dependent on the chemistry of the 
elements. This emission data makes it possible to identify 
not only the mass number of an isotope but also, in many 
cases, the element to which it belongs. The positions of 
the radioactive isotopes on the spectrograph plate may be 
located by means of a Geiger counter or by means of a 
“radio-autograph”’ of the spectrograph plate. This instru- 
ment and technique has been used primarily for the study 
of isotopes or rare earth elements. 


R4. Assignments of Mass to Fission Isotopes by Mass 
Spectrograph. RicHarD J. HAYDEN AND LLoyp G. LEwis, 
Metallurgical Laboratory.—The methods described in the 
previous paper were applied to specific fission product 
isotopes. The masses of the radioactive chains containing 
the following fission activities: 55-day strontium, 30-year 
strontium, 57-day Yttrium, 1-year ruthenium, 35-year 
cesium, 40-hour lanthanum, 28-day cerium, 14-day praseo- 
dymium, 275-day cerium, 1-2 year illinium, long-lived 
samarium, and 2-3 year europium were found to be 89, 
90, 91, 106, 137, 140, 141, 143, 144, 147, 151, and 155, 
respectively. The identification of the element was made 
by means of characteristic ion emission of the element in 
the case of some of the rare earth fission products. In 
other cases chemical methods were adequate. Methods 
were developed for applying the mass spectrograph to 
elements which are not emitted as ions from a filament. 


R5. Chemical Isolation of Two of the Delayed Neutron 
Activities; Resolution of Delayed Neutron Periods. A. H. 
SNELL, J. S. LEvinGer, R. G. WILKINSON, E. P. MEINERS, 
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AND M. N. Sampson, Metallurgical Laboratory.—Work 
subsequent to that of Snell, Nedzel, and Ibser (Smyth 
Report, Appendix 3) has improved the resolution of the 
shorter delayed neutron periods, and shown that the decay 
starting 0.32 second after the stop of saturation activation 
follows the equation 


IT=C{0.4e71-6t+-0,5e—0-38¢-4- 1 1e—0-16¢ 
+1.0e--031¢ 4.0, 14¢-0-012¢} 


with ¢ in seconds. Data were taken with short irradiations 
and with rapidly flowing uranyl nitrate solution. The 
corresponding half-lives are 0.44, 1.8, 4.3, 22, and 56 
seconds. The 22-second activity has been found to follow 
the chemistry of iodine, and the 56-second activity that 
of bromine. Inasmuch as like periods have been found! in 
the beta-activities of Br®? and I’, it is possible within 
the present evidence that delayed neutrons are emitted by 
the nuclei Kr®’? and Xe’, 


1 Strassman and Hahn, Naturwiss. 28, 817 (1940); Seelman-Eggbert 
and Born, Naturwiss. 31, 59 and 88 (1943). 


R6. Mo* and Cb from Columbium. D. N. KuNpu AND 
M. L. Poot, Ohio State University —Metallic columbium 
in the form of thin foils and rods were subjected to 5-Mev 
proton and 10-Mev deuteron bombardment. A 6.70+0.05 
hr Mo activity was produced by proton bombardment. 
The chemistry consisted of a bisulfate fusion of the Cb, 
solution in tartaric acid, separation of Mo as MoS:;, 
solution of the sulfide in NaOH and NaS, and two precipi- 
tations of nickel sulfide away from the Mo. The activity 
is assigned to Mo® which is also confirmed by two new 
reactions Cb%(d,2n) and Zr®(a,m). The characteristic 
radiations are 1.6-Mev gamma-rays and 0.3-, 0.7-Mev 
8-particles. No soft electrons or x-rays are emitted, the 
decay taking place by positron emission. By bombarding 
a number of thin foils shielded on all sides except the front 
and of such thickness that the deuterons were completely 
stopped by the first foil, it was found on a comparison of 
the 6.6-min. activity in the different foils that, in addition 
to the (, y) reaction, the Cb%*(d, p)Cb™ reaction also takes 
place. In the bottom foils the half-life of 2.5 days because 
of the reaction Cb%(n, a)Y® was also observed. 


R7. The Decay of Cb (6.6 min). M. GoLDHABER AND 
W. J. Sturm, Argonne Laboratory.—In the studies of the 
activation of Cb by thermal neutrons an activity of very: 
low intensity decaying with a half-life time of 6.6 min. 
was found. A direct determination of the capture cross 
section of Cb leads one to expect an activation cross section 
about 150 times larger than previously reported. In 
calculating the activation cross section, it had been 
assumed that 8-rays are emitted by the 6.6 min. Cb™, 
We now find that this isotope, produced by exposure of 
very pure Cb.O; to slow neutrons from the Argonne heavy 
water pile, emits mainly x-radiation with an absorption 
coefficient of 10 cm*/g Al. Because of the low efficiency 
of the normally used Geiger counters for these x-rays, the 
big discrepancy between the activation and capture cross 
section can be qualitatively understood. 
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R8. Mass Assignments of Some Radioactive Isotopes 
of Pd and Ir. WILFRED RALL, Metallurgical Laboratory.— 
Mass assignments of the following activities produced in 
Pd and Ir by slow neutron absorption have been made by 
the mass spectrograph: Pd! (13 hr), Ir! (60 d), Ir! 
(19 hr). The Pd and Ir ions were produced by a high 
frequency spark and were analyzed in a new double 
focusing mass spectrograph. Mass lines of radioactive 
isotopes were identified by placing the emulsion of an 
unexposed plate in contact with that of the undeveloped 
collecting plate immediately after removal from the 
spectrograph. When developed after sufficient exposure to 
the beta-particles, the transfer plate showed the active 
masses while the collecting plate showed inactive masses 
as well. Approximately 10° beta disintegrations are required 
to produce a line on the plates used compared to 107-108 
Pd* ions of 12,000-volt energy. To obtain maximum 
intensity, all collimating slits were removed and the 
source slit was opened to .6 mm resulting in a resolution 
of about 100. The ratio of atoms consumed in the spark 
to singly charged ions collected was then found to be 
5X 107. 


R9. Radioactive Isotopes in the Osmium Region. 
LEON J. GOODMAN AND M. L. Poot, The Ohio State Uni- 
versity—A y emitting 99-day period and a 1.5-Mev B 
emitting 30 hour period have been found by Re(d, 2n) 
and placed as isomers at Os!*5-Qs!% produced by (n, 2n) 
and (n,y) has been verified. The activity was also pro- 
duced by Os(d, p) and Ir(d, a). The half-life is 31.8+.2 
hours and the 8 energy is 0.87 Mev. No evidence of the 
17-day period has been found unless its branching ratio is 
less than 1/300 compared to Os!, A new activity was 
made in Ir by (nm, 2”) and (y, 2) and placed at Ir!®, The 
period is 9.4 days, the 6 energies are 0.96 and .091 Mev, 
and the y-ray is 0.26 Mev. Isomers at Ir!* are made by 
(n, 2n), (d, p), (n, vy), and (y,m). One has a period of 
19.0 hours, 8 of 2 05 Mev, and ¥ of 1.6, 0.43, and 0.19 Mev. 
The other has a period of 68 days, B of 0.59 Mev, and y 
of 0.46 Mev. Re!®¢ has a half-life of 92.8.1 hours and a 
B of 1.14 Mev. Re!88 has a half-life of 18.9.1 hours and 
a B of 2.07 Mev. Chemical separations of Os, Re, and Ir 
were carried out. 


R10. Nuclear Electric Quadrupole Moment and the 
Radiofrequency Spectra of Homonuclear Diatomic Mole- 
cules. BERNARD T. FELD, Massachusetts Institute of Tech- 


nology.—The molecular beam magnetic resonance spectrum 
for a homonuclear diatomic molecule has been calculated 
as a superposition of spectra already calculated! for 
heteronuclear molecules. The electric quadrupole term in 
the Hamiltonian for homonuclear diatomic molecules of 
total nuclear spin I=i,+i2, where 7;2=72*=7*, reduces to 
the case of heteronuclear molecules of spin J and electric 
quadrupole interaction energy ae’gQ. a(J, 7) is calculated 
for all I’s, corresponding to i=1 through 9/2. The final 
spectrum is a superposition of the spectra for J=1, -++, 2¢ 
with a suitable weighing factor for the spectrum for each J. 
These factors are calculated for weak and strong oscillating 
fields. In addition, the natural widths of the lines are 
taken into account. Kusch, Millman, and Rabi have 
reported the spectra of Naz and K2.? From these experi- 
ments values of e*gQ for Nae; and Ky of ~6X10- and 
2X 10-* ergs, respectively, are deduced. 


1B. T. Feld and W. E. Lamb, Jr., Phys. Rev. 67, 15 (1945). 
2 P, Kusch, S. Millman, and I. I. Rabi, Phys. Rev. 55, 1176 (1939) 


R1l. The Measurement of Nuclear Spin, Magnetic 
Moment, and Hyperfine Structure Separation by a Micro- 
wave Frequency-Modulation Method.* ArtHuR RoBERTs, 
YARDLEY BEERS, AND A. G. HILL, Massachusetts Institute 
of Technology.—The h.f.s. separation of the *S; ground- 
state levels of the single isotope Cs! has a transition 
frequency of 9192.6 Mc/sec.! Since the spin of Cs'® is 
7/1, the weak field Zeeman pattern consists of 15 lines, 
8x- and 7o-components. Monatomic Cs vapor in a resonant 
cavity will then be expected to change the resonant cavity 
frequency because of the permeability change near transi- 
tion resonances. The Zeeman transition frequencies can be 
modulated by varying the magnetic field. We have ob- 
served 14 of the 15 lines (the center line cannot be modu- 
lated by weak fields) by introducing a few micrograms of 
Cs vapor at 4X10-? mm pressure into the frequency- 
controlling resonant cavity of a stabilized oscillator near 
9192.6 Mc/sec., and observing the 30-c.p.s. component of 
the audio-signal detected by an f-m receiver when a weak 
external magnetic field in the cavity is modulated at 30 
c.p.s. The observed frequency deviations, line shape, line 
width, line separation, and r-f power limitation are in 
reasonable agreement with theoretical expectation. The 
scope of the method will be discussed. 

* This paper is based in whole or in part on work done for the Office 
of Scientific Research and Development under Contract OEMsr-262 


with the Massachusetts Institute of Technology. 
1S. Millman and P. Kusch, Phys. Rev. 60, 91 (1941). 
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W1. Cold-Cathode Gas Tubes as Noise Generators.* 
STANLEY RUTHBERG, Purdue University—Several types 
of cold-cathode gas tubes have been examined as noise 
generators, namely, glow tube, mercury arc with mercury- 


pool electrodes, corona-discharge monode. The discharges 
obtained in a glow tube were found to be similar in noise 
behavior to those of hot-cathode gas tubes. Noise ampli- 
tude spectra were obtained from .05 to 5 megacycles for 
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the glow discharge. The oscillations and noise character- 
istics are affected by a magnetic field transverse to the 
discharge in such a way as to suppress the oscillations and 
to increase the high frequency noise, usually. As high as 
60 volts peak-to-peak noise was found in the glow tube. 
The mercury arc, although it gave primarily oscillations, 
was not stable enough for quantitative measurements. 
The corona monode produced steep pulses rather than the 
grassy appearance of the noise from the glow tube. In 
general the glow tube is the best generator of ‘‘good”’ noise 
of the three types of tubes. 


* This paper is based on work done for OSRD under contract 
OEMsr-411 with the President and Fellows of Harvard College. 


W2. Noise and Oscillations in Hot-Cathode Arcs.* 
J. D. Cosine anp C. J. GALLAGHER, General Electric 
Company.—Gas discharges generate oscillations superim- 
posed on random noise of several megacycles band width. 
Positive ions oscillate in two distinct regions of the dis- 
charge, i.e., the plasma and the potential minimum at the 
cathode. The disturbances produced by the ion motions 
appear as voltage variations between the electrodes. 
Oscillations generated in the plasma are usually below 
400 kc/sec., while ‘‘cathode”’ oscillations are about 700 
kc/sec. As the discharge current is increased, the amplitude 
of the plasma oscillation increases while its frequency 
decreases. The random noise also depends on current, 
increasing rapidly as the Townsend discharge changes into 
an arc. After arc conditions are fully established, the noise 
changes slightly with current. Probe studies show that 
the noise voltage between probe and cathode increases 
rapidly as space charge conditions change to permit 
acceleration of electrons to the probe. When the probe 
collects positive ions, the noise as viewed on an oscilloscope 
is coarse, i.e., lacking in high frequency components. An 
explanation of the noise generation may be found in the 
random fluctuations of space charge at the electrodes. 
Calculations based on this theory give voltage fluctuations 
of the observed order of magnitude. 

* This work was done in whole or in part under Contract OEMsr-411 


between the President and Fellows of Harvard College and the Office 
of Scientific Research and Development, which assumes no responsi- 


bility for the accuracy of the statements contained herein. 


W3. Effect of Magnetic Field on Noise and Oscillations 
in Hot-Cathode Arcs.* C. J. GALLAGHER AND J. D. CoBINE, 
General Electric Company.—The voltage disturbances dis- 
cussed in the previous abstract are markedly affected by a 
magnetic field transverse to the normal flow of current. 
The normal plasma oscillations can be suppressed and the 
noise level above 1 Mc/sec. greatly increased. The oscilla- 
tions appear to be transmitted to the electrodes by elec- 
trons whose velocity is modulated by the plasma ion 
oscillations as they travel directly from cathode to anode. 
The effect of the magnetic field is to remove these electrons 
from the current reaching the anode. A critical value of 
magnetic field will suppress the oscillations and reduce 
the noise te a minimum. As the magnetic field is further 
increased the high frequency noise level increases. The 
high frequency noise level also increases if the pressure 
decreases, or if a lighter gas is used. The noise level is 


independent of the plasma volume. The effect of the 
magnetic field is to build up a region of high ion density 
in a narrow region near the electron source. Plasma 
oscillations with continuous spectrum are generated in 
this region of high density and high density gradient. 
* This work was done in whole or in part under Contract OEMsr-411 
between the President and Fellows’of Harvard College and the Office 


of Scientific Research and Development, which assumes no responsi- 
bility for the accuracy of the statements contained herein. 


W4. Electrical Contact Noise. M. H. GREENBLATT, 
P. H. MILuer, Jr., AND L. I. Scuirr, University of Penn- 
syluania.—A theory of the low frequency noise observed 
in biased electrical contacts involving semiconductors will 
be described which is based on the diffusion of impurities 
between the bulk of the semiconductor and the interface 
region where large electric fields exist. Experiments which 
indicate that the noise power is inversely proportional to 
the frequency at which it is measured are extended to 
determine the frequency characteristics at temperatures 
above and below room temperature and the dependence 
on impurity concentration. Preliminary results indicate 
agreement between theory and experiment on the following 
points. The noise power (1) is inversely proportional to 
frequency at low frequencies and falls off more rapidly 
than this at higher frequencies, (2) is proportional to the 
square of the back bias current, and (3) is nearly inde- 
pendent of temperature. 


W5. Contour Fringes and Asymmetries of Electron 
Microscope Objectives. JAmMEs HILLIER AND Epwarp G. 
RAMBERG, RCA Laboratories —Experimental data have 
indicated that a practical limit to the resolving power of 
the magnetic electron microscope has been imposed by 
departures from axial symmetry of the objective lens field. 
Contour fringes in images taken near focus provide a 
sensitive criterion of such asymmetries. These fringes have 
been investigated experimentally. It has been found that 
they can be interpreted on the basis of ordinary Fresnel 
diffraction if the phase relations between the interfering 
waves are properly accounted for. Calculations of the 
effects of physical asymmetries in the pole pieces indicate 
the necessity for a very high degree of perfection in 
machining and magnetic materials. Since this is scarcely 
attainable with existing methods and materials a procedure 
for compensating asymmetries was devised. A new pole 
piece system incorporating means for such compensation 
is described and some of the improved results obtained are 
shown. 


W6. Mechanical-Electronic Control System. ROBERT 
HorstaDTER, Norden Laboratories Corporation—A me- 
chanical-electronic system has been developed for control 
of position and motion of massive bodies. For such bodies, 
large time lags exist and high accelerations are unobtainable 
or undesirable. The usual type of control manually selects 
a variable rate of motion until the desired position is nearly 
reached. The rate of notion is then decreased until the 
body is brought to rest in the correct position. The de- 
veloped system attempts to bring the body automatically 
to the correct position, independently of many parameters, 














20 SATURDAY MORNING 


so that the decay of positional error is approximately 
exponential. This is achieved by balancing the positional 
error against a signal, approximately proportional to the 
rate of change of positional error, derived by condenser- 
‘resistor differentiation of positional error. Balancing is 


brought about by the circuit, which controls a servo that . 


varies the actual error rate. To allow for delay of the body 
in assuming the desired rate, an anticipatory signal is 
taken from the servo motion through a condenser. Con- 
trolled transitions between widely different positions are 
facilitated by gradually introducing changes of position- 
equivalent voltage by a resistor-condenser combination. 
Results will be given of an application to altitude control 
of massive aircraft. 


W7. Microsecond Phosphorescent Decay Periods of 
X-Ray Fluorescent Screens. Fitz-HuGH MarsHALL, West- 
inghouse Research Laboratories—Many highly developed 
wartime electronic devices can now be applied advantage- 
ously in other ficlds. The following experiment is offered 
especially as a suggestive example. Microsecond square- 
wave x-ray pulses, repeated a thousand times a second, 
were produced by operating an x-ray tube directly from a 
radar pulser. Various x-ray fluorescent screen materials 
were irradiated with the pulsed x-rays, and the light 
emitted by them was measured by a photo-multiplier tube 
connected to a DuMont 248 oscilloscope, on the trace of 
which accurate time markers can be added. This oscillo- 
scope was used as a synchroscope, to trigger the pulser and 
to sweep the cathode-ray beam for a selected short time 
starting a microsecond before the x-ray pulse. Photographs 
of the oscilloscope screen permit accurate measurement of 
the build-up of fluorescent intensity during the x-ray pulse 
and of the phosphorescent decay. CaWO, (radiographic 
intensifying screens) and BaSQO, with 5 percent PbSO, 
have exponential responses with time constants of 5.8 and 
0.7 microseconds, respectively, for decay to 1/eth intensity. 
Patterson B (fluoroscopic) and D (photofluorographic) 
screens, of mixed compositions, reveal assorted superim- 
posed decay curves, some possibly hyperbolic. 


W8. High Particle Density in Cosmic-Ray Air Showers. 
Mario Iona, JR., The University of Denver.*—The investi- 
gations of the University of Chicago group on the particle 
density of cosmic-ray air showers were continued, using 
two Carnegie Model “‘C”’ ionization chambers. The use of 
these stable instruments permitted recording of coinci- 
dences of bursts over a longer period of time so that 
showers of very high particle density could be studied. 
It was found that the majority of very large bursts with 
several hundred particles passing through an unshielded 
(1.25-cm iron wall thickness) spherical ionization chamber 
of about 0.1 m? cross-sectional area gave rise to a burst 
coincidence recorded in two ionization chambers separated 
by a distance of 1 m between centers. This demonstrates 
the existence of large atmospheric showers of very high 
particle density extending over an area of at least 1 m*. 
The boundary of the high density region, however, seems 
to be rather sharply defined, since in several cases a very 
marked difference was noted in the size of the individual 


bursts recorded in each chamber. In some cases there was 
no observable increase in ionization recorded in one 
chamber while in the other chamber a burst of ionization 
was recorded corresponding to several hundred or even 
thousand particles of average ionization. 


* Work done at the University of Chicago. This paper is placed on 
the Saturday programme at the author's request. 


W9. Radiation Resistance of Loaded Antennas.! Ricu- 
ARD C. RAYMOND AND WAYNE WEBB, Department of 
Physics, The Pennsylvania State College—Driving point 
impedances for antennas with numerous forms of metallic 
and dielectric loading arrangements have been examined 
experimentally. Low loss dielectric materials of dielectric 
constant up to 22.4 were used as sheaths to load cylindrical 
stub antennas. The resistances at resonance are compared 
with resistances calculated by the Poynting vector method 
for assumed current distributions in the antennas. The 
current distributions in selected cases are being checked 
experimentally. For a given current distribution, the 
resonant resistance is a function only of the length of the 
antenna in wave-lengths. Measured points for all loaded 
antennas studied were found to fall between the curves for 
uniform and for sinusoidal distribution. 


1 This paper is based on work done for the Army Air Forces under 
contract W33-038ac7677. 


W10. On the Irradiation of Microorganisms with Vari- 
able Sensitivity. I. OpAtTowsk1, The University of Chi- 
cago.—The ordinary processes of life (e.g., growth) cause 
sometime changes in sensitivity of the microorganism to 
radiation. This must be taken into account in evaluating 
the effect of radiation. The present paper develops a 
method to calculate such change of sensitivity from 
ordinary types of experiments. The theory is based on a 
probabilistic approach as applied e.g., by I. A. Crowther.! 
Known methods to estimate the so-called “sensitive. 
volume” i.e., the size of the aggregate of molecules through 
which the radiation produces the observed effect are 
extended to the present case of variable sensitivity and 
applied to some experiments with x-rays recently discussed 
by N. Koyenuma.? The paper will appear in the September 
1946 issue of the Bulletin of Mathematical Biophysics. 


11, A. Crowther, Proc. Roy. Soc. London 100B, 390-404 (1926). 
2N. Koyenuma, Zeits. f. Physik 120, 185-211 (1943). 


W11. Unipolar Magnetic Charges (Poles). FELIX 
EHRENHAFT, New York City.—Aime Cotton! has arrived 
at the same values for the unipolar magnetic charges, 
north or south, using convincing photomicrographs by 
Pierre Tauzin.2 The author has presented such charges 
repeatedly to the A.P.S. and has published them.* Further 
methods of measuring these charges will be given. No 
difficulties are encountered when these charges are intro- 
duced into the system of physics, because the theory of 
magnetism has from the mathematical point of view 
according to Coulomb, Biot-Savart, Ampere, etc., already 
taken into account the existence of these unipolar magnetic 
poles. Hertz clearly predicted the existence of these 
charges; J. Stefan, P. Curie searched for them. Maxwell’s 
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equations were enlarged in this respect by O. Heaviside. 
Now, their existence is experimentally shown. The author 
will show that the recognition of unipolar magnetic charges 
offers a promising approach to the study of the particles 
of modern physics, mass spectroscopy etc. The interpreta- 
tion of the helical movement of matter occurring in the 
homogeneous magnetic field without the influence of light, 
the helical movement of matter in the homogeneous beam 
of light without external magnetic fields (photophoresis), 
and the movements caused by the simultaneous action of 


fields and light pose problems. It is necessary to make 
some clarifications pertaining to previous bulletins,‘ which 
will be done in an abstract entitled ‘Rotational Movements 
of Matter in the Homogeneous Fields of Magnets or of 
Radiation.” 


1 Aime Cotton, Ann. de physique 20, 228 and 557 (1945). 

2 Pierre Tauzin, Cahiers de physique, Societe francaise de physique, 
No. 15, 76, 1943; No. 19, 2, 1944. 

3 Felix Ehrenhaft, J. Frank. Inst., 233, 248 (1942). ; 

4Felix Ehrenhaft, Phys. Rev. 69, 52 and 260 (1946), St. Louis 
Meeting, Nov. 30, 1945, and New York Meeting, Jan. 29, 1946, 
respectively. 
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Graduate Education, 126 


(E. U. Conpon presiding) 


Belated Papers from Clinton 


Introduction to Theoretical Papers from Clinton. E. P. WIGNER, Princeton University. (In- 


vited paper; 30 min.) 


Sl. Pile Kinetics. L. W. Norpueim, Clinton Labora- 
tories.—A pile will run steadily at an arbitrary level if it 
is just critical. For a pile not at equilibrium, equations of 
motion can be set up that contain as variables the pile 
power, the number of delayed neutron emitters and, in 
case it is of importance, also the pile temperature. The 
coefficients will depend on the average lifetime of the neu- 
trons in the pile, the fractions and periods of delayed neu- 
trons, temperature coefficients of reactivity, and similar 
quantities. For a definite “‘excess reactivity,” which may 
be positive or negative, the power level will change ex- 
ponentially with time with periods determined by the so- 
called ‘‘inhour’’ relation. For control and safety problems 
the transient behavior of the pile under reactivity changes 
has to be investigated. A number of limiting cases can be 
solved explicitly. A general method for the solution of the 
pile equations is available for small deviations from a 
steady state. In this case a pile impedance can be defined 
in close analogy to electric circuit theory. 


S2. Pile Perturbation Theory. Harry Soopak, Clinton 
Laboratories.—The determination of the critical size and 
of the neutron distribution in a pile constitutes a charac- 
teristic value problem. Exact solutions are obtainable only 
for simple geometries and uniform pile structures. Other 
cases can be treated by perturbation theory in analogy to 
the Raleigh-Schroedinger method. The simplest case con- 
cerns the effect of localized absorbers. Their effect on 
critical size in simple piles turns out to be proportional to 
the square of the neutron density at the considered posi- 
tion which, suitably normalized, can be used as a statistical 
weight factor for irregular distributions. In the next ap- 
proximation the distortion of the neutron distribution can 
also be evaluated. Other problems that can be treated are 
composite piles with parts of different properites, irregu- 


larities of shape of the pile, and the periods of non-critical 
piles. A systematic scheme for non-homogeneous piles 
involves the introduction of adjoint equation and solution 
for the neutron distribution in the pile. 


$3. Calculation of Critical Size of Heterogeneous Slow 
Neutron Chain Reactors. A. M. WEINBERG, Clinton 
Laboratories.—The critical size of a large slow neutron 
chain reacting system is determined by the multiplication 
constant k, (average number of neutrons produced per 
neutron absorbed), and the migration length, (essentially 
the r.m.s. distance a neutron travels from birth as a fast 
neutron to death as a slow neutron). The multiplication 
constant is the product of nepf.* The calculation of f, the 
thermal utilization in a heterogeneous arrangement is 
usually based on the following assumptions: (a2) Wigner- 
Seitz cellular approximation is valid; (6) production of 
slow neutrons in moderator is constant over cell; and (c) 
first-order diffusion theory is applicable. The last assump- 
tion is incorrect, as stressed by Placzeck, because the di- 
mensions of the lumps are not large compared to the mean 
free path of the neutrons and the absorption in the lumps 
is not negligible compared to the scattering. The breakdown 
of diffusion theory implies that the angular distribution of 
neutron velocity vectors around a point must be repre- 
sented by more than the first two spherical harmonics. 
It is found that the neutron density in the moderator is 
higher than computed by first-order theory. This leads to 
a lowering of the first-order thermal utilization. 


* For notation see H. D. Smyth, Atomic Energy for Military Purposes 
(Princeton University Press, Princeton, New Jersey, 1945) and, Rev. 
Mod. Phys. 17, 351 (1945). 


S4. Theory of Pile Control Rods. R. SCALETTAR AND 
L, W. NorpHEIM, Clinton Laboratories.—A control rod ab- 
sorbs neutrons and increases the leakage of neutrons from 
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the pile through the depression of the neutron density in 
its vicinity. To determine the effect of controls on critical 
conditions for a pile the absorber may be considered, as in 
the electrical analog, to produce a singularity in neutron 
density at its position. The strength of such a singularity 
is determined by the boundary conditions which must be 
satisfied at the surface of the black or non-black absorber 
and the order of the singularity is determined by the 
geometry of the problem. The general solution of the pile 
equations can then be expressed by a sum of a regular 
solution plus the solution containing the proper singu- 
larities and this total solution can be adjusted to satisfy 
the boundary conditions. By this means the effect of con- 
trol rods of various sizes and positions on pile reactivity 
and neutron distributions and the effects of mutual contro! 
rod shading have been investigated both by a thermal and 
by a two-group theory. 


S5. Radiation from Fission Products. KATHARINE Way, 
Metallurgical Laboratory AND E. P. WIGNER, Princeton 
University.—A fissioning nucleus can divide into any of 
about twenty pairs of product nuclei. Each product nu- 
cleus is in general unstable and goes through several radio- 
active §-transitions before it reaches stability. Each transi- 
tion, of course, has its own peculiar radiations and lifetime. 
The radioactivity which follows a number of fissions is 
thus made up of a number of individual activities of many 
periods and energies. The energy emitted per second per 
fission at time ¢ after a fission is given by 


| An(d,t)E(A)dd, 


where n(\,t) is the number of nuclei of decay constant 
existing at the time ¢ after a fission. Evaluation of this 
expression gives, for times greater than one day, the result 


’ Mev/sec./fission + 3.75¢-1:2-+4+-961-1-4, 


where ¢ is measured in seconds. For shorter times a curve 
is given. This is the total energy emitted including that 
carried by neutrinos. Agreement with experimental results 
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is fairly good. Handy rules of thumb giving correct values 
within a factor of two for times between 10 sec. and 100 
days are: 
B+~7Mev/sec./fission = 2.66/72, 
yMev/sec./fission = 1.26¢7!:?, 


The total disintegration energy per fission turns out to be 
=22+3 Mev. 


S6. Refraction and Diffraction of Neutrons by Crystals. 
M. L. GoLDBERGER, University of Chicago AND FREDERICK 
SEITZ, Carnegie Institute of Technology.—The refraction 
and diffraction of neutrons by crystalline matter is dis- 
cussed theoretically on the basis of a generalization of a 
method first used by Fermi. In the present treatment it is 
assumed that the nuclei of which the matter is composed 
both scatter and absorb neutrons; however, the approxima- 
tions used are valid only when the ‘‘phase shift’’ of the 
wave functions by the nuclei is small. This condition is 
satisfied for a large number of nuclei in cases in which 
thermal neutrons are being considered. In the region of 
long wave-length, the medium behaves like an optical 
medium characterized by a refractive index m and an ex- 
tinction coefficient « which are related to the cross sections 
o,” and oa,” for scattering and absorption, respectively, by 
means of the equations 


2 4 

n=1+netDpt = (2) ’ n= Mmlip ee 
Here mo is the number of atoms or molecules per unit 
volume, k is the wave number of the neutron, and p is 
summed over all atoms of the constituent molecules. The 
sign appearing before each term in the first summation is 
related to the sign of the ‘‘phase shift’’ for the correspond- 
ing nucleus. It is shown that these equations are valid 
whenever Bragg’s condition is not satisfied. The problem 
of neutron diffraction is treated by a method closely re- 
lated to that used in the dynamical theory of x-ray dif- 
fraction and the results obtained bear a very close relation 
to those for x-rays. 
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Kent Theatre 


(A. J. DEMPSTER presiding) 


Invited Paper 


The Transuranium Elements. G. T. SEABoRG, University of Chicago. (45 min.) 


X1. Short Range Alphas in Natural Radioactivity. 
S. M. Dancorr, University of Illinois.—We have considered 
to what extent the fine structure of the alpha-rays emanat- 
ing from naturally radioactive nuclei can be theoretically 
understood. We are concerned here only with rays whose 
energy is less than would correspond to a transition be- 


tween ground states of the parent and daughter nuclei. 
Of various methods whereby such an alpha-particle can 
suffer energy loss the most interesting and important ap- 
pears to be the excitation of the residual nucleus after the 
alpha-particle has been ejected. This takes place by the 
mechanism of electrostatic interaction between the alpha- 
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particle and the nuclear matter. The probability for excit- 
ing nuclear dipole transitions in this manner has been esti- 
mated to be of the order of unity if the transition energy is 
about 100 kev. Quadrupole transitions will also be strongly 
excited. 


X2. Crystal Structure Studies of Plutonium and Nep- 
tunium Compounds. W. H. ZACHARIASEN, Metallurgical 
Laboratory.—The crystal structures of thirty-two plu- 
tonium compounds and of thirteen neptunium compounds 
have been determined. Most of these compounds were 
identified by means of the x-ray diffraction method, and 
crystal chemical considerations at a time when plutonium 
or neptunium were available in too small amounts to per- 
mit the use of microchemical methods of analysis. The 
crystal radii of plutonium and neptunium have been de- 
termined for the various normal valence states and for 
subnormal valence states observed in such compounds 
with metallic-type binding as PuO and NpO. The crystal 
structure results for normal-valence compounds have 
shown that electrons go into the 5f-shell, thus confirming 
the old hypothesis of a new rare earth series being started 
towards the end of periodic system. In the series of ions 
(UO2)*, (NpO2)**, (PuO2)* or Tht, Ut4, Np*4, Put, or 
Ut, Npt3, Pu*? there is a contraction in size with increas- 
ing atomic number analogous to the lanthanide contraction. 


X3. X-Ray Long Spacing Diffraction from Lauryl Amine 
Hydrochloride and Sodium Laurate.* RicHarpD W. Mat- 
TOON, University of Chicago.—Sodium or potassium soaps 
of saturated fatty acids usually have a long spacing (d;) 
nearly twice the length (l) of the molecule (d;=21/ sin 8, 
8 near 90°), corresponding to their head-to-head and tail- 
to-tail arrangement. For potassium laurate, 1~10A and 
d,=31.3+0.2A, measured in a vacuum camera.! However, 
for lauryl amine hydrochloride 1~18A whereas d;=17.9 
+0.1A (assuming the innermost strong diffraction to be 
order 1). An 8.4 percent aqueous solution of sodium laurate 
at 30°C is a clear liquid solution which gives a very broad, 
weak band. Cooled to 15°C it becomes an opaque, white 
gel, giving a sharp diffraction pattern with d;=31.8+0.2A 
(order 1 strong, 2 weak, 3 medium). For anhydrous sodium 
laurate d;=31.6+0.2A (order 1 strong, 2 weak, 3 medium). 
The gel formation is a large structural change at the same 
over-all concentration. These measurements suggest that 
this particular gel is composed of long, thin fibers head- 
to-head and tail-to-tail with no water in the head-to-head 
interface. The fibers may form an entangling meshwork 
with water entrapped between the fibers. 

* Done in connection with Government Research on Synthetic 
Rubber, Office of Rubber Reserve, Reconstruction Finance Corporation. 


1W. D. Harkins, R. W. Mattoon, and M. L. Corrin, J. Am. Chem. 
Soc. 68, 220 (1946). 


X4. A Null Method for the Comparison of Two Ion 
Currents in a Mass Spectrometer. ALFreD O. NIER, 
Epwarp P. Ney,* AND Mark G. INGHRAM,** University 
of Minnesota.—Isotope abundance ratios are ordinarily 
determined in a mass spectrometer by employing a single 
ion collector and alternately measuring one isotopic cur- 
rent and then the other; since the currents may be drifting 


in magnitude, sufficient readings are taken so that a reli- 
able ratio is obtained. If two ion collectors are employed 
and if the more abundant isotope is measured by means of 
an inverse feedback amplifier, whereas the rarer isotope is 
measured simultaneously by a conventional electrometer 
tube amplifier, a measurable fraction of the output signal 
of the inverse feedback amplifier may be used to balance 
out the input signal owing to the rarer isotope. The elec- 
trometer tube is then used merely as a null indicating 
instrument. The balance point is independent of ion in- 
tensity so that the method may even be used to accurately 
compare currents which are pulsating in magnitude. A 
second inverse feedback amplifier may take the place of 
the electrometer tube amplifier. The method lends itself 
to automatic recording. 


* Now at the University of Virginia. 
** Now at the University of Chicago. 


X5. The Dynamic Condenser Electrometer.* HARRY 
PALEVSKY, ROBERT K. SWANK, AND RAYMOND GRENCHIK, 
Metallurgical Laboratory——Dynamic condenser electrom- 
eters are characterized by the fact that mechanical energy ~ 
is used to move the impressed charge in an electrostatic 
field. Mechanical energy is thereby transformed into elec- 
trical energy; i.e., an a.c. signal, which is a measure of the 
impressed charge. An associated vacuum tube circuit is 
usually used to measure the generated a.c. signal. With 
proper design the sensitivity is limited’ by the termal 
agitation noise in the input circuit. Zero-drift is dependent 
only upon the change in contact potential of the condenser 
surfaces. Since the signal into the amplifier is an alternating 
voltage it may be amplified to any required power level 
with a stable a.c. amplifier. The possibility of stable ampli- 
fication is important since it permits the use of a fairly 
insensitive indicating meter having a short period of re- 
sponse. Neither changes in amplifier gain or variations in 
power supply voltages contribute to the zero-drift. The 
construction of the dynamic condenser requires careful 
work, but once it is assembled and sealed from the atmos- 
phere, it is extremely rugged and does not require any 
further adjustments. The condenser itself is not sensitive 
to electromagnetic disturbances. Data of performance 
will be given. 


X6. Control Equipment for 2.5-Mev Van de Graaff 
Giving an Ion Beam Constant to +1.5 kev. J. L. Mc- 
KIBBEN, and D. H. Friscu,* J. M. Husu,** Los Alamos 
Laboratory.—A degenerative control system having above 
characteristics will be described. The system used is about 
15 times better than was previously possible by regulating 
the charging current on the belt because use was made of 
a variable corona leak! to the high potential electrode. 
The improvement resulted as the ions formed by the corona 
could cross the high voltage gap in 1/150 second rather 
than #5 second required by the belt. The leakage current 
can be varied from 50 to 150 microamperes by varying the 
potential on 4 needles projecting about }” through 4” 
holes by means of a H & K 257 B pentode. The grid po- 
tential is controlled by an amplifier connected to a pair 
of pick-up plates on the electrostatic analyser similar to 
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that used by Hanson.? The design of the focused analyser 
will be discussed. The 40-kv supply for the analyzer is 
powered by a specially regulated 400-cycle generator. 
Constancy of voltage has been checked by measurement 
on Li(p, m) near threshold, and by an amplifier capacity 
coupled-to the high potential electrode. 

* Now at Massachusetts Institute of Technology. 

** Now at Commonwealth Engineering Company, Dayton, Ohio. 


1R. M. Ashby and A. O. Hanson, Rev. Sci. Inst. 13, 128L (1942). 
2 A. O. Hanson, Rev. Sci. Inst. 15, 57 (1944). 


X7. A Precision Alpha-Proportional Counter.* Joun A. 
SIMPSON, JR., Metallurgical Laboratory.—An instrument is 
described which will detect and record the alpha-disinte- 
gration rate of prepared radioactive samples even though 
soft beta-radiation up to 2X 10° disintegrations per minute 
may also be present. The resolution losses because of the 
detector, electronic amplifier, scaler and recorder total 0.8 
percent with an alpha-counting rate of 10° counts per 
minute. The instrument employs a proportional counter 
through which 99 percent CH, at one atmosphere slowly 

flows. The proportional counting region is approximately 
300 volts in length with 0.5 percent change in counting 
rate in an interval of 200 volts. Thin radioactive samples 
deposited on metal disks up to 2.5 cm in diameter are 
easily inserted into the counter volume by means of a 
special gas lock. The counter detects 0.50 of the disintegra- 
tions from a thin radioactive samples. A linear amplifier 
with a band extending from 5X 10% c.p.s. to 10° c.p.s. is 


used with a gain of 180 to amplify the alpha-pulses. The 
counter background can be maintained at about 14 counts 
per hour. A high vacuum, low geometry attachment pro- 
vides reductions in geometry down to at least 10-5 of the 
sample counting rate. Some theory of gas flow propor- 
tional counters is presented along with details of the in- 
strument construction. 


* This work was done under the Manhattan District Engineers 
contract with the University of Chicago, 1943. 


X8. An A.C. Operated Mattuch Type Mass Spectro- 
graph. A. E. SHAw AND W. RALL, Metallurgical Labora- 
tory.—A mass spectrograph for chemical analysis of solid 
samples has been developed. The Mattauch arrangement 
of a 31°50’ electric deflection followed by a 90° deflection 
in a magnetic field was used in order to obtain a large 
mass range in focus on one plate. The accelerating and 
deflecting voltages and the current for the electromagnet 
were obtained from stabilized rectifier circuits connected 
to the 60 cycle a.c. supply. The electromagnet with 100 
milliamperes gave a field of 18,800 gauss across a 3” gap. 
During the introduction of the plate or insertion of new 
electrodes a gate valve was closed to isolate the spectro- 
graph from the pumping system. In this way different 
samples could be examined rapidly. The ion source was 
energized by a compact Tesla transformer wound on lucite 
cylinders. One exposure covered a mass range from any 
mass M up to a mass 8M. Examples of the resolution with 
nickel ions will be shown. 
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Graduate Education, 126 


(J. P. BLEWETT presiding) 


Belated Papers from Schenectady and Los Alamos 


Z1. Split Anode Magnetrons for the 100-800 Mega- 
cycle Range. J. P. BLewett, D. A. Wirsur, AND L. D. 
RoBERtTs, General Electric Company.—The conventional 
split anode magnetron has found a rather limited applica- 
tion because of a variety of undesirable operation char- 
acteristics. At high frequencies cathode back heating and 
anode dissipation have limited the range of operation to 
low powers. At low frequencies, electrons escape ftom the 
anode structure and again introduce severe limitations in 
power. These magnetron properties have been studied and 
new shielding procedures have been evolved for low fre- 
quency operation which permit operation of small glass- 
enclosed magnetrons at power levels up to and above one 
kilowatt over the frequency range from 100 to 400 mega- 
cycles. Anode temperatures are controlled by liquid cooling. 
Over the frequency range from 350 to 800 megacycles, 
a liquid cooled structure, in which an internal loop is 
mounted in parallel with the external tank circuit, is 
capable of generating 150 watts or more. Procedures will 


be described for shielding, external tuning over wide 
frequency ranges, and coupling-out power. 


Z2. New Magnetron Designs for Continuous Operation 
in the Decimeter Wave Range. D. A. WiLBuR, General 
Electric Company.—At the high frequency end of the range 
of the split anode magnetrons described in the preceding 
abstract, severe limitations are introduced by cathode 
back heating. To remove this limitation, two new struc- 
tures have been devised, in which multi-gap operation is 
attained without sacrificing the easily tunable external 
tank circuit characteristic of the split anode magnetron. 
In one structure, only two of the segments of the multi-gap 
type of magnetron are developed. The remaining segments 
are replaced by a single electrode known as a “‘neutrode’’ 
which is maintained at zero r-f potential. A second struc- 
ture includes a multiplicity of electrodes mounted inter- 
nally on a conducting helix. Tubes of these two types 
have been operated at efficiencies up to 70 percent in the 
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frequency range between 500 and 1500 megacycles. The 
tuning range of a single tube can be as high as 1.5:1. 
Both designs involve liquid cooling. Output power levels 
up to and above one kilowatt have been attained. 


Z3. A 10-Kilowatt Magnetron with Water-Cooled 
Cathode. R. V. LANGMuIR AND R. B. NELson; General 
Electric Company.—A high power magnetron oscillator, 
originally developed for radar jamming, has several unusual 
features. It is a simple split-anode magnetron, and its 
performance demonstrates that this type of oscillator is 
just as efficient as the now common multiple-anode magne- 
tron. The output is over 10 kw, C.W. at 60 percent 
efficiency. Experimental tubes were built to cover several 
frequency ranges, the most work being done on a model 
tuning from 560 to 625 megacycles to cover the German 
AI radar band. The cathode operates by secondary emis- 
sion. Since it receives about 3 of the total power dissipated 
in the tube, it is water-cooled. Several materials were 
tried for the secondary-emission surface; of these a 
magnesium alloy was found to be the best. 


Z4. Methods of Tuning Multiple-Cavity Magnetrons. 
R. B. NELson, Research Laboratory, General Electric Com- 
pany.—Several methods have been developed for tuning 
multiple-cavity magnetron oscillators over wide frequency 
ranges. The most successful of these involves simultaneous 
variation of both the inductance and capacity of all the 
resonant cavities by a single tuningymotion. Tuning ranges 
of better than 1.4:1 have been obtained with good effi- 
ciency throughout. As an example, a magnetron is described 
which tunes from 760 mc to 1160 mc, delivering over 2 
kilowatts C.W. at any frequency setting. 


Z5. Neutron Spectra. H. T. RicHarps, LypA SPECK, 
AND I. H. PERLMAN, Los Alamos Laboratory.—Recoil 
protons in photographic emulsions have been used to 
record the neutron spectra of Po-B and Po-Be. The 
photographic emulsions have been calibrated with mono- 
chromatic neutrons from the Li’(p, 2)Be’ reaction and the 
D-D reaction. The use of thick (200-micron) emulsions 
unbacked by glass is described. The inferred neutron 
spectrum for Po-B shows a broad maximum at 2.5 Mev 
and extrapolates to 0 at about 6 Mev on the high energy 
side. No group structure is found. The inferred neutron 
spectrum for Po-Be shows a maximum between 2 and 3 
Mev but has an average energy of. more than 4 Mev. 


The high energy end extends beyond 10 Mev. Some group 
structure may be present, but the large intensities of 
neutrons with energy less than 2 Mev which earlier workers 
report is not corroborated. 


Z6. Neutrons from C!*+D. W. E. BENNETT AND H. T. 
Ricuarps, Los Alamos Laboratory.—Recoil protons in a 
cloud chamber have been used to measure the energy 
spectrum of the neutrons from C”+H?, The neutrons are 
found to be monochromatic when produced by 2-Mev 
deuterons. An accurate Q value of 0.27+0.02 Mev is 
computed from the range of the recoil protons. This Q 
value gives a more accurate mass for N™ namely, 13.00990 
+0.00005. A geometry correction for cloud chambers is 
computed for the arrangement in which the neutron 
source is at finite distance from the chamber. 


Z7. The Neutron-Proton and Neutron-Carbon Scatter- 
ing Cross Sections for Fast Neutrons. C. L. BAILEy, 
Wituram E. BENNETT, T. BERGSTRAHL, RICHARD G. 
NucHo is, H. T. RicHarps, AND J. H. Wittiams, Los 
Alamos Laboratory—The good geometry scattering of 
fast neutrons from cyclohexane and carbon as a function 
of energy in the range from 350 kev to 6 Mev has been 
observed. The results have been analyzed to determine 
the neutron-proton and neutron-carbon total cross sections. 
The former follows a smooth curve which may be described 
in terms of a potential well theory. The latter exhibits a 
resonance in the neighborhood of 4 Mev. 


Z8. Isotopic Constitution of Tellurium and Tungsten. 
DuDLEY WILLIAMS AND Puitip YusTerR, Los Alamos 
Laboratory.—Relative isotopic abundances for tellurium 
and tungsten have been redetermined by means of a mass 
spectrograph utilizing electrical methods of detection. 
The TeF;*+ and TeF;* ions from tellurium hexafluoride 
and W?* ions from tungsten hexacarbonyl were used in 
the analysis. The results obtained are: 


Tellurium 
Isotope 130 128 126 125 124 123 122 120 
Relative abundance 100 92.3 54.2 20.2 13.3 2.47 7.05 0.26 
; Tungsten 
Isotope 186 184 183 182 180 


Relative abundance 92.7 100 47.0 86.2 0.44 


On the basis of existing data on packing fractions, the 
above data give chemical atomic weights of 127.64 for 
tellurium and 183.88 for tungsten. 
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SUPPLEMENTARY PROGRAMME 


SP1. The Isotopic Composition of Tungsten, Silicon 
and Boron.* Mark G. INGHRAM, University of Chicago— 
The normal isotopic constitutions of tungsten, silicon, and 
boron have been determined by a Nier-type gaseous mass 
spectrometer. The gases used in the investigations were 
WF,, SiF., BF;, and BO(CHs)3. Five isotopes of tungsten 
were observed at masses 180, 182, 183, 184, and 186 with 
abundances of 0.122 percent, 25.77 percent, 14.24 percent, 
30.68 percent, and 29.17 percent, respectively. Three 
isotopes of silicon were observed at masses 28.29, and 30 


with abundances of 92.28 percent, 4.67 percent and 3.05 
percent, respectively. Two isotopes of boron were observed 
at masses 10 and 11 with abundances of 18.83 percent 
and 81.17 percent respectively. Upper limits for the 
existence of other hypothetical normal isotopes in the 
immediate neighborhood of the known isotopes are given. 
The systematic errors of various kinds involved in absolute 
isotope abundance measurements are discussed and esti- 
mates of their magnitude are given. 


* To be given at the end of Session Z if time permits. 





TO BE READ BY TITLE 


Tl. The Ionosphere as a Measure of Solar Activity. 
M. LINDEMAN PHILLIPS, National Bureau of Standards, 
Washington, D. C.—Critical frequencies of all regular 
ionospheric layers vary diurnally, seasonally, with geo- 
graphic latitude and longitude, and with solar activity so 
that, for any location and any season, f°= F(t)+ Fo(t)S, 
where f° is the critical frequency, Fi and F2 functions of (t), 
the time of day, and S is the sunspot number. For locations 
where such ionospheric trends are well established, ob- 
servations of critical frequency may be used to determine 
an ionospheric “sunspot number.” If values of F2-layer 
critical frequency for hours near local noon are used, 
since these generally have the most pronounced variation 
with solar activity, the ionospheric “sunspot number” 
obtained is considerably closer to its running-average 
value than is ordinary sunspot number. In addition, it is 
practically independent of varying atmospheric conditions 
and personal variation among observers, therefore probably 
presenting a more precise index of solar activity. 


T2. Rotational Movements of Matter in the Homogene- 
ous Fields of Magnets or of Radiation. FELIx EHRENHAFT, 
New York City.—Clarifications of previously published 
abstracts* are given. From the Lorentz force the electric 
charge of particles moving in helical paths due to magnetic 
fields can be calculated. From the dimensions of such a 
helical path previously reported it is seen, when the 
superimposed field of 50 gauss alone is taken into account, 
that the particle should carry 1.7 times 10- magnetic 
units of electric charge, or 5.1 times 10~* e.s.u. But such 
small particles are unable to bear higher charges than 
10-® e.s.u. due to their saturation limit.** Calculating 
with the Lorentz force values about 10® times higher than 


the charges the particles can carry are found. The rota- 
tional movement can therefore not be explained as ‘‘mag- 
netic action of electric currents’? (Oersted-Lorentz), nor 
as “electric action of magnetic currents’ formulated by 
the author in formal symmetry with Oersted, nor as 
“electric action of magnetic currents’’ defined by Poincare 
and called ‘Hertz force.’’ Seemingly we are confronted 
with a new force which is capable of causing matter to 
move in helical paths at a velocity of 10!° times slower 
than the velocity of light in weak magnetic fields. 

* Felix Ehrenhaft, Phys. Rev. 69, 52 and 260 (1946), St. Louis 
Meeting, Nov. 30, 1945 and New York Meeting, Jan. 24, 1946, re- 


spectively. 
** Satiendra Nat Ray, Ann. d. Physik 77, 99 (1925). 


T3. A High Level Electronic Noise Source.* J. D. 
CoBINE AND C. J. GALLAGHER, Research Laboratory, 
General Electric Company.—A noise source which is capable 
of generating a continuous noise spectrum from the very 
low audio range to beyond 5 Mc/sec. has been built in 
the form of a gas discharge tube with cylindrical electrode 
structure. The tube contains argon at 12 microns and is 
used in conjunction with an axial magnetic field at about 
850 gauss. The arc drop is about 35 volts with a current 
of 30 ma. The r.m.s. noise voltage spectrum is substantially 
flat from very low frequency to 1 Mc/sec. at a level of 
32 mv/kc?. From 1 Mc/sec. to 5 Mc/sec. the noise level 
drops by 18 db. This drop is much less than is found in 
other tubes, where the decrease may be as much as 30 or 
40 db. 


* This work was done in whole or in part under Contract OEMsr-411 
between the President and Fellows of Harvard College and the Office 
of Scientific Research and Development, which assumes no responsi- 
bility for the accuracy of the statements contained herein. 
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(To be sent to Miss Alberta Jeffrey, Department 
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Chicago 37, Ill.). 


EXPECT to attend the dinner of the Amer- 

ican Physical Society at the Shoreland Hotel, 
5454 South Shore Drive, at seven o'clock on 
Thursday evening, June 20, 1946. My party will 
consist of _....... persons. 








